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PREFACE

This report 1s published to provide coastal engineers the results of an
investigation on the long-term effects of beach nourishment on the benthic iz
infauna and surface sediments of Panama City Beach, Florida. The work was
carried out under the coastal ecology research program of the U.S. Army
Coastal Engineering Research Center (CERC).

The report was prepared by J.K. Culter and S. Mahadevan, Mote Marine
Laboratory, Sarasota, Florida, under CERC Contract No. DACW72-79-C-0026.
Participants during the investigation included K. Caraccia, F. Dalton, . !
J. Drake, L. Eaton, L. Ferris, M. Gallo, G. McCallum, J. McIntosh, M. Messick, '
K. Moller, A. Rule, T. Russell, N. Stout, J. Weber, and R. Yarbrough.

The authors gratefully acknowledge the following scientists who helped
during various aspects of this study: E, Nakumura, Director of the National
Marine Fisheries Service, Gulf Fisheries Center, Panama City Laboratory, and
the laboratory staff for their logistical aid during the fieldwork of this
study; C.H. Saloman, also of the National Marine Fisheries Service, for his
comments and assistance during the initial site survey; and Dr. W.H. Taft for
suggestions concerning the sedimentology parts of the study. Assistance in
the identification and verification of the various animal taxa collected was
provided by Drs. R.T. Abbott (mollusca), E.D. Estevez (isopoda), R.W. Heard,
Jr. (amphipoda, decapoda, and carideans), W. Price (cumacea), and C. Hunter
(sipuncula).
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E.J. Pullen, Chief, Coastal Ecology Branch, was the CERC contract monitor
for the report, under the general supervision of R.P. Savage, Chief, Research
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Comments on this publication are invited.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.,S. customary units of measurement used in this report can be converted to
metric (SI) units as follows:

Multiply by To obtain
inches 25.4 millimeters
- 2,54 centimeters
square inches 6.452 square centimeters
cubic inches 16,39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
niles 1.6093 kilometers
square miles 259.0 hectares
knots 1.852 kilometers per hour
. 4
acres 0.4047 hectares
foot~pounds 1,3558 newton meters
millibars 1.0197 x 10—3 kilograms per square centimeter
ounces 28.35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.01745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!

170 obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F -32).
To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15.




LONG-TERM EFFECTS OF BEACH NOURISHMENT ON THE BENTHIC FAUNA

OF PANAMA CITY BEACH, FLORIDA

by
J.K. Cuiter and S. Mahadevan

I. INTRODUCTION

1. Background Informationm.

Crastal erosion is a major problem on many U.S. coastlines including
the we:,t coast of Florida. The westermmost beaches of Bay County on the
Florida panhandle are considered critical areas of erosiom (U.S. Army
Engineer Division, South Atlantic, 1971; Bruno, 1971). Before the initia-~

tion of a nourishment program in 1976, the shoreline west of the entrance

to St. Andrew Bay suffered considerable erosion for a number of years, 4
causing many coastal structures to become vulnerable to storm damage. ;
On 23 September 1975 Hurricane Eloise caused additional erosion and de-~

stroyed or undermined the foundatiens of numerous coastal structures

(Saloman, 1976). Extensive areas of the Panama City and neighboring

beaches were renourished in 1976 by hydraulically dredging offshore sands

to replace the eroded beaches; however, obgservations made during this

study inidicate that the bulk of the material deposited during the nourish-

ment program has since eroded to prenocurishment levels.

This study, which CERC contracted to the Mote Marine Laboratory,
evaluates the long-term nourishment effects on the benthic fauna and
surface sediments of the nearshore zone off Panama City Beach, Florida.
The results of the study (1979-80) are compared to thase obtained in the
prenourishment study (1974-75) and in the study of short-term effects
(1976-77) of the same beach (Saloman, 1976; Saloman, Naughton, and Taylor,
in preparation, 1982).

Saloman's prenourishment study (1974-75) describes the area as having
a diverse benthic macroinfauna with the number of species and faunal den-
sities fluctuating seasonally. Species of polychaetes and amphipods domi-
nated the fauna. The distribution of species was generally uniform along
the beach with the number of species increasing offshore. There was no
correlation of animal zbundance to selected sedimentological parameters,
which showed little spatial variation.

The short-term study of nourishment effects (Saloman, Naughton, and
Taylor, in preparation, 1982) concluded that an initial destruction of
the bottom community at the borrow pits was followed by rapid recovery
virtually complete after 1 year. Minor differences in sediment para-
meters could be detected at the borrow pits after 1 year, but no dis-
tinction could be made between the faunas in and outside the borrow pits.
The authors also concluded that normal seasonal variations of tempera-
ture and salinity could mediate changes in benthic diversity and abun-
dance possibly masking or preventing detection of nourishment effects.
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2. Study Area.

The study area, located on the northeastern shore of the Gulf of
Mexico at Panama City, Florida, is bounded by the entrance to St. Andrew
Bay (West Pass) and Philips Inlet, 34.3 kilometers to the west (Fig. 1).
The eastermnmost part of the study area remains in a natural state (St.
Andrews State Park) with extensive dunes backing the beach; the remainder
of the .area has been extensively developed with motels, condominiums, and
support facilities occupying most of the beach fromt.

2 30w . - »

WEST BAY

Prsi s l.“/’ /

GULF OF
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Figure 1. Study area, depicting transect and station locations in the
Gulf of Mexico between West Pass and Philips Inlet. f

.The beaches along this part of the Gulf of Mexico have moderate wave i
energy with intensity increasing from east to west (Price, 1954; Tanner, 7
1960). The shoreline is fronted by two prominent offshore sandbars. The
inner bar lies 23 to 91 meters offshore and is often sinuous and broken. ;
The second bar, about 244 meters offshore, is continuous and uninterrupted. "
The depth of the first bar is generally less than 1.5 meters; the depth ‘
of the second bar is 3 to 4 meters. Just beyond the second bar the bottom
slopes rapidly to about 9 to 10 meters., This slope continues to about 18
meters and then becomes more gradual. The continental shelf in this area
is not nearly as wide as it is in most areas of the Gulf of Mexico.
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The segment of gulf shoreline from Destin East Pass to St. Andrew Bay
is unusual because it lacks the coastal barrier islands typical of Florida
coastal geography (Bruun, Gerritsen, and Morgan, 1958). Kwon (1969) de-
scribes the physiography of the area as an erosional feature of the gulf
coast. Prevailing winds in the area are from the southeast to south,
generating an east-to-west longshore current. Balsillie (1975) summarized
estimates of longshore transport for the beaches of the Florida panhandle.
In the vicinity of St. Andrews Park the net longshore transport rates are
estimated to range from 56,577 to 173,554 cubic meters per year.

3. Study Objectives.

This study provides information on the ecological relationship of the
benthic fauna inhabiting natural beaches and offshore borrow areas. In-
faunal community structure and surface sediment characteristics were
examined following a beach nourishment program on the Panama City and
nearby beaches. The data collected were compared with prenourishment
base-line data to determine long-term effects of beach nourishment on
benthic infauna. Specific objectives of the study were to

(a) quantitatively sample the benthic macroinfauna at 49 near-
shore stations, including two borrow sites;

(b) identify the organisms collected to the lowest practical
taxonomic unit;

(c) define the distribution, density, diversity, and other
community parameters of the nearshore benthic infauna;

(d) collect surface sediment samples at each station and
evaluate the granulometric composition as well as the organic
carbonate content;

(e) sample during winter and summer months to detarmine sea-
sonal variations; and

(f) compare the data collected with Saloman's (1976) data
and evaluate the results in terms of beach nourishment effects.

4. Station Locations.

A total of 49 stations were sampled during this study. Forty-seven
stations, located on nine transects in the Gulf of Mexico between West Pass
and Philips Inlet, are the same as those sampled by Saloman (1976). The
transects were positioned perpendicular to shore and each contained five
stations (Fig. 1): station 1 in the swash zone; station 2 on the first
sandbar; station 3 between the first and second sandbar; station 4 on the
second sandbar; and station 5 seaward of the second sandbar in 3 to 4
meters of water. Stations CA and CB (control sites) were located in 9 to 10
meters of water off tramsects 5 and 8.

Locations of the nine transects along Panama City Beach are as follows:
transect 1 is 274.3 meters west of the jetty at the entrance of St. Andrew




Bay in St. Andrews State Park; transect 2 is 30.5 meters east of the pier
in St. Andrews State Park; transect 3 is offshore of the intersection of
Lookout Street and Spyglass Street; transect 4 is offshore of the Holiday
Inn West; transect 5 is offshore of the Fiesta Motel; transect 6 is off~-
shore of the Fountainbleau Terrace Motel; transect 7 is offshore of the
Sunnyside Motel; transect 8 is offshore of the Roundtower Motel; and
transect 9 is offshore of Pinnacle Port. The motel names for transects 4
and 6 were reversed in Saloman (1976).

In addition to the 47 stations, 2 borrow sites that were dredged in
July and August 1976, but have since filled in, were also sampled. Borrow
site Bl is located about 6.4 kilometers southeast of Laguna Beach, offshore
of the Ambassador Motel, 183 meters from Highway 98 in about 6.1 meters of
water, The site is rectangular, 152 by 23 meters, and parallel to the
beach. Borrow site B2 is located about 2.4 kilometers southeast of Laguna
Beach in front of the Peppertree Motel (abandoned), 274 meters offshore
of Highway 98 in about 6.1 meters of water. The site is rectangular, 229
by 128 meters, and is oriented diagonally to the shoreline. Stations CA
and CB served as control stations for the borrow sites.

II. MATERIALS AND METHODS

1, Physical Parameters.

Temperature (in © Celsius), dissolved oxygen (in parts per milliom),

and conductivity (in micromhos per centimeter) were measured at each station
with a Hydrolab in situ physicochemical monitor. Where water depth was
sufficient, readings were taken 0.5 meter below the surface as well as

0.5 meter above the bottom. Logbook entries for conductivity were corrected
for temperature and converted to salinity (in parts per thousand). Dissolved
oxygen readings were corrected for salinity,

2. Topography.

Using standard surveying techniques, beach profiles were constructed
for each of the nine transect sites. Beginning landward at the surveying
monuments, the profiles extended seaward to wading depth.

3. Sediment Characteristics.

At each station two sediment samples were taken with a 5.08-centimeter-
diameter polyvinylchloride (PVC) core. The cores were inserted 10 to 15
centimeters into the substratum, removed and both ends corked. The samples
were then transferred to 454-milljliter plastic jars with intermal and
external labels, frozen, and stored until analyzed. One sample from each
station was processed for grain size, organic content, and carbonate con-
tent. The second sample served as a backup.

Laboratory analysis of sediment samples is schematically shown in
Figure 2. Details of the procedures are as follows:
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Figure 2.
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Schematic of sediment analysis procedures.




(a) Grain-size analysis was performed by sieving a dried sample
aliquot through a series of 20-centimeter-diameter nested sieves of l-phi
mesh intervals (Wentworth scale) for 30 minutes. The sample was first
rinsed with distilled water to remove salt and sieved wet with a 0.063-
millimeter mesh to remove any silt-clay fractions (also dried and weighed).

(b) Organic carbon presentoin each sample was determined by combusting
a previously dried sample at 500 Celsius for 1 hour. The loss due to
ignition was considered to be the organic carbon content.

(¢) Carbon as present in carbonate compounds was determined by heating
a sample (organic carbon previously burned off) to 10000 Celsius for 1 hour.
The weight loss was considered to be the amount of carbon, as carbonates,
present in the sa?ple.

Various data analysis procedures were used in the statistical analyses
(Tables 1 to 4) of the sediment samples. Organic carbon and carbonate values
were calculated and presented as percentages of the total sample. Statistics
on the grain-size distribution were performed using the following formulas,
where phi (@) = -log,x; x = particle size in millimeters:

(a) Median grain size, Md, is the point at which half of the
particles by weight are coarser and half are finer. It is the
diameter corresponding to the 50 percent mark on the cumulative curve.

(b) Mean grain size, Mz, is the overall size measure (Folk, 1974).

, = 916 + @50 + 885

M 3

{(c) Inclusive graphic standard deviation (sorting coefficient),
0, is the measure of uniformity or sorting (Folk, 1974).

_ P84 - P16 . 995 - @5
o= A * %%

(d) Inclusive graphic skewness, Sk, measures the degree of asymmetry
of the particle distribution curve, taking into account the skewness
of the tails of the curve as well as the central part. It is
independent of the sorting of the sample. A symmetrical curve has a
skewness of zero; a positively skewed curve indicates an excess of
fine material; a negatively skewed curve indicates an excess of
coarse sediments (Table 3) (Folk, 1974).

Sk = 916 + @84 - 2050 . @5 + 895 - 2050
2 (P84 - P16) 2 (995 - 85)

(e) Graphic kurtosis, Kg, is the ratio between the sorting in the
tails of the granulometric curve and the sorting of the new central
part of the curve (Folk, 1974).

Keg = 995 - @5

€ = 244 (75 - 025)

+

Py




Table 1. Sediment classification by particle size (Wentworth
classification).
Grain size

Class Phi Millimeters
Gravel <=1 >2.0
Very coarse sand 0 >1.0 <2.0
Coarse sand 1 >0.5 <1.0
Medium sand 2 >0.25 <0.5
Fine sand 3 >0.125 <0.25
Very fine sand 4 >0.0625 <0.125
Silt clay > 4 <0.0625
Table 2. Degree of sediment sorting based on inclusive graphic

standard deviation (Folk, 1974).

Standard deviation Degree of sorting
<0.35 @ Very well sorted
0.359 -0.50 9 Well sorted

0.50 9 -0.71 ¢ Moderately well sorted
0.71 9 -1.00 0 Moderately sorted

1.00 ¢ - 2.00 @ Poorly sorted

2.00 & - 4.00 @ Very poorly sorted
Table 3. Classification of sediment by skewness (Folk, 1974).
Sk values Degree of skewness
+1.00 - +0.30 Strongly fine-skewed
+0.30 - +0.10 Fine~skewed
+0.10 - -0.10 Near svmmetrical

-0.10 - -0.30 Coarse skewed
-0.30 - -1.00 Strongly coarse-skewed
Table 4. Classification of sediment by kurtosis (Folk, 1974).
Kg values Degree of kurtosis
<0.67 Very platykurtic

0.67 - 0.90 Platykurtic

0.90 - 1.11 Mesokurtic

1.11 - 1.50 Leptokurtic

1.50 - 3.00 Very leptokurtic
>3.00 Extremely leptokurtic

2.




4. Benthic Fauna.

a. Field Procedures. Benthic fauna was sampled with a stainless-steel
plug sampler (Fig. 3) covering a surface area of 0.016 square meter and
penetrating to a depth of 23 centimeters. This was the same type coring
device used by Saloman (1976). The top of the core was covered with 0.5-
square millimeter mesh, stainless-steel screen to prevent loss of organisms.
.In operation the sampler is inserted into the substratum; the sediments on
the outside of one side of the sampler are removed, and the sampler tilted
and lifted out with a hand covering the bottom. At stations with a water
depth greater than 1.2 meters the sampler is operated by a diver who
removes the core, inverts i:, and places it in a metal basket. When four
cores are obtained, the basxet is hauled to the surface vessel, where the
samples are extruded into labeled 5-gallon (19 liters) plastic buckets.
Samples taken in less than 1.2-meter depths are obtained by wading and
returning to the beach for processing.

Five plug samplers were taken at each station: four samples for
faunal analysis and one as a backup in case of a loss of a processed sample.
Onshore the samples were washed through a box sieve with a mesh of 0.701
square millimeter. The material retained on the sieve was placed in a
plastic jar with both internmal and external labels. A 10 to 15 percent
solution of magnesium chloride in seawater was added to the jars to relax
the organisms in order to reduce fragmentation upon preservation. After
relaxation, a 10 percent formalin-seawater buffered solution containing
rose bengal stain (to facilitate sorting) was added to the samples,
Samples were transferred to 70 percent isopropyl alcohol within a week of
initial preservation.

b. Laboratory Procedures. 1In the laboratory faunal samples were sorted
under a stereozoom binocular dissecting microscope. Taxonomic identifica-
tions were performed under the binocular dissecting scope or a binocular
compound microscope. Identifications of species were accomplished with
the use of descriptivie literature and a set of reference specimens from
Saloman (1976). Additionally, taxonomic experts were utilized to either
identify or confirm identifications of selected taxa.

c. Data Analysis Procedures. Numerical indices were chosen which
have a widespread use in scientific literature and provide summaries of
data, and which would aid comparisons with Saloman's (1976) data.

Faunal density estimates are reported as numbers of individuals per
square meter. Values were computed by dividing the total number of
individuals found at a station (for four replicates) by the total area
sampled (0.0624 square meter).

Species richness was counsidered to be the total number of species
found at each station for all replicates.
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Menzies, George, and Rowe (1973) define species diversity as a concept
in community ecology which refers to the heterogeneity (or lack of it) im
a community or assemblage of organisms. Thus, diversity is dependent .
upon the number of species present (species richness, S) and the distribu-
tion of individuals among species (equitabilityv or evenness). Another
definition of diversity is simply the number of species found in a unit
' area (Whittaker, 1972). Indices to measure diversity, species richness
and equitability are so numerous that confusion exists (e.g., Hairston,
1964; Sanders, 1968; Hurlbert, 1971; Whittaker, 1972; Fager, 1972; Peet,
1974; Pielou, 1975; Smith, et al., 1979). The proliferation of indices
prompted Hurlbert (1971) and Peet (1974) to recommend discarding diversity
E as a measure in ecological studies. However, placed in the proper perspec-

tive, diversity indices have been shown to be useful in "bioenvirommental

studies (Boesch, 1972; Borowitzka, 1972; Swartz, 1972; Pearson, 1975;
Swartz, 1978). In this study the data analysis is restricted to the two
commonly used diversity indices: the Shannon-Weaver index (Shannon and
Weaver, 1963) and the Gini's index (Gini, 1912; Simpson, 1949).

(1) The Shannon-Weaver Index of Diversity. This index is based on
information techniques, where diversity is equated to the amount of un-
certainty which exists regarding the species identity of an individual
selected at random from a community. The more species and the more evenly 3
their representation, the greater the uncertainty and hence, the greater
the diversity. The computational formula for Shannon's index is

s
H' = C/N (N log10 N-2Z ?il log, , ny)

where C = 2.3026 (for 'mats", units expressed as natural logarithms), N is
the total number of individuals, and ni the number of individuals in the ith
species. Lloyd, et al. (1968) presented the functions of 'nlog)gn" for all
integers fromn = 1 to n = 1050 to simplify the use of Shannon's index.

(2) Gini's Index of Diversity. This index is a measure of the domi-
nance in a sample. Though it is usually insensitive to rare species, it
has been used commonly as a diversity index. The computational formula
for dominance diversity (Simpson, 1949) is

DM =% _in (a~1)/N(N-1)
and complemental or actual diversity, d = 1 - DM (Gini, 1912).

(a) Equitability. Equitability is considered a component of diversity
in that it provides an idea about the evenness of species distribution at
a site. Usually, a positive correlation exists between diversity and
equitability (De Jong, 1975), i.e., a high equitability would indicate a
high diversity. Traditionally, high equitability and diversity have been
considered to indicate a "healthy condition" of the fauna. Reduction of
equitability usually occurs with an increase in oligomixity (i.e., dominance
by few species). Pielou's (1966) method of measuring equitability was used
in this study. The computational formula is

- L
J'=H /loges
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(b) Faunal Similarity. A number of coefficients for measuring
faunal similarities are available (Sanders, 1960; Horn, 1966; Whittaker,
1967; Lie and Kelly, 1970; Bray and Curtis, 1975; Grassle and Smith,
1976). However, most of the available coefficients consider only the
number and rank of common species and not the distribution of individuals.
The Morisita's index (Morisita, 1959), which takes into consideration
both the number of species in common and the number of individuals shared,
is utilized in this study. Many authors in the past have used this index
with a greater degree of success than other overlap coefficients (Ono,
1961; Barnard, 1970; Mauchline, 1972; Bloom et al., 1972; Gage and
Geekie, 1973; Menzies, 1973; Paul, 1973; Farrell, 1974; Marum, 1974; Gage,
1975; Mahaderan, 1979). The computational formula for the Morisita's
index is

S
=21 myn/ ARIN N

vhere A o=2% T (o, -1
! N,y -1)

. _ ¢S n- (n —1)

A, = 23 (M4

d 2 i=]l = =
an N, (N, -1)

where N; and N; are the total number of individuals in sample one and two,
respectively. njy and n,j are the number of individuals in the ith species
of sample one and two, respectively. The value of CA is about one when the
two samples are identical and zero when no common species are present.

The index is relatively free from sample size effects.

Faunal similarity comparisons were conducted between Saloman's (1976)

collections and this study's collections. Each station was considered as
a composite over nine transects,

ITII. RESULTS

1. Physical Parameters.

a. Present Study. Values for water temperature, salinity, and
dissolved oxygen concentration for each station are presented in Table 5,
for November-December 1979, and in Table 6 for May 198g. Tempegatures
during the November-December sampling ranged from 16.5" to 21.07 Celsius.
The lower temperatures were usually recorded in the colder, early morning
hours before the water became mixed and warmed by solar radiation. Bottom
temperatures at the deeper stations were generally slightly warmer than
surface temperatures. Variation gf temperature was less during May with
values ranging from 24.0° to 26.0%elsius.

Salinity during the November-December sampling ranged from 32.5 to
35.5 parts per thousand, typical of open gulf waters not strongly in-
fluenced by coastal runoff. Salinities during May were slightly lower,
ranging from 29.0 to 32,0 parts per thousand. The extremely low values
recorded, 14.5 to 27.0 parts per thousand (Table 6), are believed to be
due to instrument malfunction.
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Table 5. Water temperature, salinity, and dissolved
oxygen data for the November-December 1979
sampling at all statioms.

SR IT S

Temperature (°c) | pissolved Oxygen(ppm} Salinity (ppt)
Station Surface  Bottom Surtace Bottom | Surface Bottom
1-1 17.0 + 8.3 + 33.0 +
2-1 17.5 + 8.4 + 33.0 + !
3-1 17.5 + 8.2 + 32.5 + i
4-1 17.0 + *2 + 33.5 + i
5-1 18.0 + 7.7 + 34.0 +
6~1 19.0 + 8.3 + 33.5 +
7-1 19.0 + 8.0 + 33.5 +
8-1 18.5 + 8.3 + 33.5 +
9-1 20.0 + 7.8 + 33.5 +
1-2 18.0 + 8.3 + 33.0 +
2-2 18.0 + 8. + 33.5 + -
3-2 17.5 + 8.4 + 33.0 + 4
4=-2 18.0 + * + 33.5 + :
5-2 ° 18.0 + 7.7 + 34.0 + 4
6=2 19.5 + 7.8 + 33.5 + Vg
7-2 19.5 + 7.6 + 33.5 +
8-2 19.0 + 7.7 + 33.5 +
9-2 20.0 + 7.8 + 33.5 +
k.
1-3 18.0 19.0 7.7 7.7 34.0 34,0
2-3 18.0 18.5 8.0 7.8 34.0 34.0
3-3 19.0 1%.¢ 7.9 7.8 34.0 34.0
4=3 18.5 i8.0 8.1 8.0 33.5 33.5
5~3 17.5 17.5 7.9 7.6 33.5 34.0
6~3 19.0 19.5 7.7 7.2 36.0 34.0
7-3 18.5 19.0 8.1 7.9 34.0 34.0
8-3 16, 16. 8.2 8.0 34.0 34,0 3
9-3 20.0 20.0 7.8 7.5 33.5 34.0
1-4 8.0 19.0 7.9 8.0 34.0 34.0
2-4 'g.0 18.5 7.8 7.7 33.5 34.0
3~4 19.0 18.5 7.3 6.7 33.5 34.0
4-4 19.0 19.0 8.0 7.8 33.5 33.5
5-4 18.1 18.0 8.6 8.6 34.0 34.0
6-4 19.¢ 19.0 7.8 7.5 34.0 34,0
7-4 19.5 20.0 8.2 7.8 34.0 34.5
8-4 16.5 17.0 8.2 8.0 34.0 34.0
9-4 19.5 20.0 7.7 7.5 34.5 34.5
1-5 18.5 19.0 7.7 7.7 34.0 34.0
2-5 18.0 18.5 7.8 7.7 33.5 34.0
3-5 19.0 18.0 7.4 7.9 34.0 34.5
4-5 19.5 19.5 7.7 7.6 33.5 33.5
5-5 18.0 18.5 7.9 7.7 34.0 34.0
6-5 19.5 21.0 7.7 7.1 35.5 35.0
7-5 20.0 20.5 8.0 7.7 35.5 35.0
8-5 20.0 20.5 8.1 7.7 35.0 35.0
9-5 19.0 19.0 7.7 7.2 34.5 34,5
Control
Sites C A 18.5 18.0 7.3 7.3 33.5 34.0
CB 20.0 20.5 7.7 7.5 35.0 35.0
Borrow
Sites B 1 18.0 17.5 7.7 7.8 34.0 34.0
B2 17.0 18.0 7.9 7.4 33.5 33.5
+! indicates water too shallow for two readings.
*2 {ndicates instrument malfunction.
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Table 6.

Water temperature, salinity, and dissolved
oxygen data for the May 1980 sampling at all
stations.

Temperature (°C)

Dissolved Oxygen (ppm)

Salinity (ppt)

Station Surface Bottom Surface Surface Bottom
1-1 26.0 + 5.5 + 30.0 +
2-1 25.5 + 5.5 + 30.0 +
3-1 26.0 + 5.5 + 30.5 +
4=1 26.0 + 5.2 + 29.5 +
5-1 26.0 + 5.3 + 30.0 +
6-1 26.0 + 5.5 + 30.5 +
7-1 *2
8-1 *
9-1 25.0 + 5.8 23,03 +
1-2 25.5 25.5 5.3 5.3 30.5 30.5
2-2 25.5 25.5 5.4 5.4 30.0 30.0
3-2 26.0 26.0 5.5 5.5 30.0 30.0
4=2 26.0 26.0 5.1 5.1 30.0 30.0
5~2 26.0 26.0 5.2 5.2 29.5 29.5
6~2 26.0 26.0 5.4 5.4 30.5 30.5
7-2 *
8~2 *
9~2 25.0 25.2 5.3 5.2 27.03 24.03
1-3 25.0 25.0 5.2 5.1 30.0 30.5
2-3 25.0 25.0 5.0 4.8 31.5 32.0
3-3 25.5 25.0 5.0 4.9 31.0 31.5
4=3 25.0 24,2 5.1 4.9 31.0 31.0
5-3 25.5 24.5 5.2 5.2 31.5 31.5
6-3 25.5 25.0 5.3 5.3 31.0 31.0
7-3 25.0 25.0 5.7 5.5 31.5 30.5
8-3 25.5 25.0 5.1 5.4 30.0 30.5
9-3 25.0 24.0 5.1 4.9 23.03 22.53
1-4 25.0 25.0 5.3 5.2 30.0 30.5
2-4 25.0 24.5 5.0 5.0 32.0 31.5
3-4 25.2 25.0 5.0 4.9 30.5 31.0
4-4 25.0 24.5 5.0 4.9 31.5 31.5
5-4 25.0 25.0 5.1 5.1 31.5 31.5
6-4 25.3 25.3 5.5 5.4 31.5 31.0
7-4 25.0 25.0 5.5 5.2 31.5 33.0
84 25.0 25.3 5.1 5.3 29.0 29.0
9-4 25.5 24.5 5.3 5.3 23.03 23.03
1-5 25.0 25.0 5.2 5.0 31.5 31.5
2-5 25.0 25.0 4.9 4.9 31.5 32.0
3-5 25.0 24.5 5.0 4.9 31.5 31.0
4-5 25.0 24,5 5.0 4.8 31.5 31.5
5-5 25.0 25.0 5.0 5.0 31.5 31.5
6-5 25.5 25.0 5.3 5.2 31.5 31.5
7-5 25.3 25.3 5.4 5.5 30.5 30.5
8-5 25.5 25.5 5.5 5.5 29.0 29.0
9-5 25.2 25.0 5.2 5.8 14,53 18.03

Control

Sites 25.0 24.2 5.1 5.1 31.0 31.0

25.5 25.5 5.2 5.2 29.0 29,0
Borrow
Sites 25.0 25.0 5.4 5.2 31.0 31.5
25.0 25.0 5.4 5.2 31.0 31.5

+] indicates water too shallow for two readings.

*2 jndicates data were not obtained due to very rough seas.

3 i{ndicates probable instrument malfunction.
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Dissolved oxygen values were higher in November-December than in May,
reflecting the colder water temperatures. For November-December, dissolved
oxygen values ranged from 7.1 to 8.6 parts per million and for May they
ranged from 4.8 to 5.8 parts per million. Overall, the highest dissolved
oxygen values were recorded at the surface of the shallow stations. All
stations appeared to have relatively high dissolved oxygen values (near
saturation), indicating that dissolved oxygen would not be a limiting factor
in the distribution and abundance of the benthic fauna in the study area.

Spatially, all physical parameters varied very little for both
sampling periods. Additionally, temperature, salinity, and dissolved
oxysjen were not Indicative of stressful conditions. Therefore, they are
not considered as controlling factors in the distribution of benthic fauna
within the study area, provided the observations made during November-
December and May are characteristic of conditions during the remainder of
the year.

b. Comparison to Saloman's (1976) Study. Dissolved oxygen was not
measured during Saloman's (1976) study. The values for temperature and
salinity recorded during this study compare very favorably to the data com-
piled by Saloman (1976). The ranges of salinity and temperature are nearly
identical for comparable sampling dates. As observed during this study,
Saloman's data exhibited only low levels of spatial variationm.

2. Topography.

Beach profiles were constructed for each of the nine transects (Fig. 4).
Two additional stations sampled were used as nourishment borrow sites in July
and August 1976, A special effort was made at these stations to detect any
irregularities of bottom profile or type of substrata. Numerous nearshore
to offshore as well as shoreline parallel bathymetric profiles were run
over each borrow site to detect any depressions or irregular contours. No
depressions or changes in bottom type could be detected either by fathometer
traces or visual inspection by divers. The borrow sites were indistinguish-
able from undisturbed areas within the limits of detection methods used.

3. Sediment Characteristics.

a. Present Study. A total of 98 sediment samples from the November-
December 1979 and May 1980 collections were analyzed for particle-size
distribution, organic carbon, and carbonate. Summaries of the results of
these analyses are presented in Table 7 (November-December 1979) and Table
8 (May 1980). A complete breakdown of the particle-size distribution by
phi interval is given in Appendix A. Little variation was evident on a
seasonal basis. For the November-December sampling mean grain size ranged
from 1.35 to 2.50 phi; mean grain size ranged from 1.44 to 2.91 phi for the
May sampling. Spatially, sediments gradually changed from coarser to finer
grain size on transects from the shore to the outer stations. This change
is due primarily to a shift from medium to fine sand particles. Most of
the stations for both sampling periods were moderately to moderately well
sorted, being somewhat coarse-skewed. The bulk of the sediments within the
study area consisted of fine, medium, and coarse quartz sand.
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Table 7. Sediment parameters for all stations
for the November-December 1979 sampling.
|Median Mean Sorting Skewness Kurtosis Pct Pct
Station Md Mz J Sk silt-clay organic carbonate
1-1 1.74 1 0.97 19 0. 0.03 0. 0.64
2-1 2.02 1 9.65 U5 0. G.03 a. 0.16
3-1 1.70 1 0.73 .08 0. 0.02 0. 0.05
4-1 2.66 2 0.71 .07 1. 0.02 0. 0.14
5-1 1.95 1 0.73 .11 J. 0.0l 0. 0.17
6-1 1.72 1 0.74 .55 0. 0.01 0. 0.05
7-1 1.44 1 0.63 .07 1. 0.01 0. 0.28
8-1 1.43 1 0.64 08 1. 0.00 0. V.36
9-1 1,42 1 0.73 .10 1. 0.01 J. 0.36
Mean 1.79 1 0.73 .01 1. 0.02 0. 0.25
Std. dev.}0.39 0 0.10 L22 0. 0.01 0. 0.19
1-2 2.13 2 0.65 .15 0. 0.02 0. 0.21
2=2 2.09 2 0.65 L1l 0. 0.01 0. 0.36
-2 2.27 2 0.59 .21 0. 0.02 0. 0.11
3=2 2.10 2 0.63 12 0. Q.01 Q. 0.32
5-2 2.07 2 0.70 .18 0. 0.01 0. 0.42
6-2 2.22 2 0.62 18 0. 0.03 0. 0.12
7-2 1.78 1 0.62 .17 Q. 0.00 0. 0.30
8-2 2.00 2 0.65 .01 0. 0.00 0. 0.00
9-2 2.19 2 0.61 .17 0. 0.00 0. 0.12
Mean 7.0 2 0.64 11 0. 0.01 0 .22
Std. dev.|0.14 0 0.03 12 0. 0.01 0. 0.14
1-3 2.2 2 0.71 .32 0. 0.01 0. 0.96
-3 2.28 2 0.59 23 0. 0.01 Q. 0.6
3-3 2.29 2 0.0l 27 0. 0.03 0. 0.64
4-3 2.4l 2 0.47 17 1. 0.00 9. 0.60
3-3 2.29 2 0.63 .28 0. 0.0} 0. a1 .0
6=} 2.43 2 U.ab .16 1. 0.01 Q. 0.10
7-3 1.90 1 0.71 .03 0. 0.03 0. 0.13
8-3 1.70 1 0.82 .03 0. 0.02 0. 0.08
9-3 2.29 2 0.60 .25 0. 0.01 0. 0.18
Mean 2.20 2 0.62 .19 0. 0.01 0. 0.s1
std. Jdev.|0.24 0 0.11 .11 v. 0.01 Q. 0.30
1-4 2.48 2 0.38 .08 9. 0.02 0. 0.29
2-4 2.28 2 0.63 27 0. 0.00 0. 0.75
3-4 2.35 2 9.59 23 1. 0.02 0. 0.37
4=4 2.49 2 0.37 .0l 0. 0.01 0, .45
-4 2.30 2 0.65 31 1. 0.01 0. 0.08
b-4 2.53 2 0.38 .01 1. 0.01 0. 0.03
7-4 2.22 2 0.72 7 0. 0.04 0. 0.03
8-4 2.20 2 0.68 27 0. 0.03 0. 0.17
9-4 2.36 2 0.56 30 1. 0.01 Q. 0.02
Mean 2.35 2 0.55 .19 1. 0.02 0. 0.26
Std. dev.{0.11 0 0.14 13 0. 0.01 0. 0.25
1-5 2.35 2. 0.60 .32 i. 0.01 0. 1.36
2-5 2.30 2 0.63 29 0. 0.01 0.31
3-3 239 2 0.53 .26 1. 0.01 0.27
4-3 2.30 2 0.64 35 0. 0.01 0.06
5-5 2.42 2 0.05 .20 1. 0.22 0.17
6-5 2,40 2 0.64 33 1. 9.03 0.18
7-5 2.43 2 0.50 18 1. 0.03 0.06
8-5 2.40 2 0.50 22 1. 0.04 1.20
9-5 2.4 2 0.47 .04 1. 0.05 0.09
Mean 2.39 2 0.56 .24 1. 0.05 0.241
Std. dev.|[0.06 0 0.07 .10 0. 0.07 0.50
Control
sites C A}2.40 2 0.62 .24 1. 0.2 0. 0.21
C B]2.31 2 0.70 .31 1. 0.06 0. 0.45
Mean 2.36 2 0.66 .28 1. 0.14 9. 0.33
Std. dev.|0.06 0 0.06 .05 0. 0.11 J. 0.17
Borrow
sites B 1/2.50 2 0.44 .02 1. 0.03 0.08 Q.97
B 2]2.22 2 0.75 .33 Q. 0.01 0.42 L2
Mean 2.36 2 0.60 16 1. 0.02 0.25
Std. dev.]0.20 0.30 0,22 .25 0. 0.24
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Table 8.

Sediment parameters for all stations for the

May 1980 sampling.

]ﬁedian Mean Sorting Skewness Kurtosis Pct Pct Pct
staclion Md Mz J Sk Ky silt-clav organic carbonate
1-1 1.75 1.7 0.81 -0.05 0.93 0.uS 0.06 0.46
2-1 2.30 2.2 0.59 -0.23 0.97 U.01 0.06 0.09
3-1 1.7 1.86 0.62 0.19 0.33 0.61 0.03 0.04
4=1 1.66 1.76 0.58 0.27 0.96 0.00 0.05 0.02
5-1 1.84 1.58 0.37 -0.96 0.76 0.00 0.06 0.03
o-1 1.75 1.80 0.64 0.16 0.32 0.01 0.03 0.06
-1 1.47 1,49 0.61 0.34 1.37 0.01 0.05 4.02
8-1 1.4 1.as 9.59 -0.03 1.31 .01 2.05 0.03
9-1 1.70 1.30 Q.60 0.6 0.37 0.01 Q.03 0.03
Mean 1.74 1.73 0.60 -1.01 0.98 0.01 Q.05 0.09
Std. dev.0.25 0.23 0.11 0.30 0.22 0.01 0.01 0.1
1-2 2.13 2.03 0.71 -0.25 0.36 0.ul 0.08 0.73
=2 .39 2.33 0.53 -0.27 1.15 0.28 0.05 0.05
3-2 .28 .18 .61 -0.26 0.89 0.00 0.05 0.12
4=2 2034 2.7 0.55 0.2% 1.10 0.02 0.07 .04
5-2 2.27 2.18 0.60 -0.23 0,36 0.01 0.07 0.08
6-2 2.28 .17 0.62 -0.28 0.88 0.0l 0.06 0.06
7-2 2.20 .12 0.62 -0.18 0.30 0.01 0.06 0.05
8-2 .3 2.23 0.58 -0.24 0.98 0.00 0.06 0.05
9-2 2.12 2.07 0.62 -0.12 0.75 ¢.08 0.07 0.04
Mean 2.6 2.18 0.60 -0.18 1}.92 0.05 0.06 0.1%
Std. dev. [0.09 0.09 0.05 0.17 0.13 0.09 G.01 0.22
1-3 2.39 2.9 0.35 -0.07 0.88 0.01 0.08 0.5%
2-3 2.20 211 9.57 -0.08 0.5% .00 0.07 0.10
3-3 244 2.4 0.41 ~0.14 1.15 V.00 J.30 9.06
+=3 2.30 2.23 9.56 -0.23 0.98 .01 V.10 0.0¢
5-3 2.32 2.2 J.5¢ -3.25 Q.95 0.0 0.06 0.06
o-13 2.8 2,18 .60 -0..26 .36 Q.01 J.u8 0.08
T-3 237 2.32 0,34 -0.13 1.09 UGN 0.08 9.0+
3-3 212 2.05 3.67 -0.17 0.7% .09 0.12 0.08
9-3 2.28 2,19 0.59 0. 2% 0.90 0.01 V.08 0.06
Mean 2.31 2.2 0.53 -0.19 0.9 0.03" 0.if 0.13
Std. dev.[0.11 .15 0.10 0.07 .16 0.03 0.07 0.18
I-a 2,44 2.43 0.48 -0.22 1.27 0.01 0.08 2.3
2-4 2.29 2.l 9.72 ~0.34 1.01 0.01 0.06 0.15
3-u 2.90 2091 .73 -0.07 0.39 0.01 0.05 0.10
e 2.48 2.8 8.38 -0.10 0.97 0.01 0.11 0.06
5-4 2.38 2.32 0.53 -0.2% .11 0.01 0.08 0.08
6-4a 2042 2.43 0.49 -0.18 1.26 2.00 0.08 Q.08
Tea 2.18 2.06 N.69 -0.27 0.382 0.01 0.08 9.09
RN 2.08 2.03 Q.65 -0.11 0.7% V.01 0.06 (U}
9=i 2.12 2.03 0.72 -0.22 0.84 V.01 (.04 0.10
Mean 2.37 2.1 0.60 -0.19 0.99 0.01 0.07 0.33
Std. dev.{0.215 0.29 0.13 0.09 0.19 0.00 0.02 0.71
1~5 2.45 2.45 0.48 -0.16 1.10 0.01 0.09 0.33
2-5 2.29 2.18 0.63 -0.09 0.90 0.01 G.0% G.11
3~5 2.4 2.48 0.46 -0.21 1.19 0.02 0.08 0.16
=3 2.16 1.96 0.85 -0.39 0.88 0.01 2.08 0.09
5~5 2.51 2.39 0.49 -~0.01 1.22 Q.00 a.06 0.05
6-5 2.35 2.28 0.56 ~0.28 1.14 0.00 0.08 Q.07
-5 2.43 2,33 V.43 -0.15 1.13 0.05% 0.10 0.0%
8-5 2.2 2.13 0.36 -0.11 3.62 .01 0.08 0.07
9-> 2.36 2.29 0.56 ~0.26 L.13 0.02 0.09 0.09
Mean 2.35 2.29 0.56 ~0,21 1.04 0.01 0.08 0.11
std. dev.[0.11 0.17 J.12 0.09 0.20 0.02 0.01 0.09
Conterol
sites C Al2.38 2.24 0.37 -0.36 1.68 0.03 u.07 d.l6
C B{2.33 2.23 0.72 ~0.19 1.21 0.07 0.12 U.17
Mean 2.36 2.2 0.75 ~0.28 1.45 0.05 0.10 0.17
Std. dev.)0.04 0.01 0.04 0.12 0.33 0.03 0.04 0.01
Borrow
sites B 1}2.40 2.38 0.49 ~0.21 1.15 V.01 0. 04 0.13
B 22.42 2,32 0.4 -1.38 1.19 U.01 0.3 0.08
Mean 2.31 2.30 0.49 -0.80 1.17 0.01 0. 1a 9.11
Std. dev.|0.01 0.03 0.01 0.83 0.03 0.00 0.13 0.04




There was very little silt-clay material in the surface sediments
of the study area, ranging from 0.00 to 0.22 percent in November-December
and 0.00 to 0.28 percent in May. There were no strong nearshore~offshore
trends in the percentage of silt-clay.

The percentages of carbon within the sediments for both organic
carbon and carbonate were also very low with little spatial or temporal
variation. Organic carbon ranged from 0.03 to 0.52 percent in November-
December and 0.03 to 0.30 percent in May. Carbon as carbonate ranged from
0.00 to 1.36 percent in November-December and from 0.02 to 2.23 percent in
May. There were no strong nearshore-offshore trends for either organic
carbon or carbonate. However, the nearshore stations 1 and 2 seemed to
exhibit overall lower organic carbon values.

There were no discernible east-west trends among the sediment para-
meters. The surface sediments of the entire study area comnsist of fine to
medium coarse quartz sands, containing very low levels of silt-clay, organic
carbon, and carbonate.

The sediment parameters of the borrow sites Bl and B2 did not differ
markedly from the control stations CA and CB, with the exception of a
slightly greater percentage of fine sand at the borrow sites.

b. Comparisons to Saloman's (1976) Study. Comparisons of mean grain
size, percent silt-clay, percent organic carbon and percent carbonate
between this study and Saloman's (1974-75) data are presented in Tables 9
and 10. Only minor differences were found between the two studies. There
is a slight but consistent increase of mean grain size (phi) from 1974-75
to 1979-80, indicating a slightly finer substrate composition in 1979-80
(see Fig. 5). However, the percentage of silt-clay material was apparently
greater during 1974~75.

For both sampling periods the finest sediments (based on mean grain
size) were recorded from the borrow sites, although they had nearly the
lowest levels of silt-clay material. Comparisons of silt-clay percentages
are shown in Figure 6,

The organic carbon and carbonate percentage values were higher Juring
1979-80 (0.03 to 0.52 percent organic carbon, 0.00 to 2.23 percent -zrbonate)
than during 1974-75 (0.01 to 0.16 percent organic carbon, 0.00 to 0.77 per-
cent carbonate). Comparisons are shown in Figures 7 and 8,

Only relatively small changes were found in the various sediment
parameters between the current and 1974~75 data. Slight differences in
processing techniques by the respective investigators and normal sampling
variation would account for the observed thanges.

4, Benthic Fauna.

a. Present Study. A total of 5,044 individuals, representing 128
taxa, were collected from 28 November to 1 December 1979 at the 49 benthic
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Table 9. Comparison of mean grain size (phi), percent silt-clay,
percent organic carbon and percent carbonate between
November 1974 and November-December 1979 (Saloman, 1976)
for all stations.
Mean grain Pct Pct Pct
size (3) silt-clay organic carbon carbonate
Station 1974 1979 1974 1979 1974 1979 1974 1979
1-1 1.83 1.05 0.07 0.03 g.01} 0.10 0.01 0.64
-1 1.91 1.99 0.09 0.03 0.04 0.03 0.77 0.16
3-1 1.81 1.79 0.10 0.02 0.06 0.04 0.07 0.05
4=l 1.56 207 0,04 9.02 0.02 0.03 0.02 Q.14
5-1 1.63 1.94 0.09 0.01 0.07 0.52 0.01 0.17
6~1 1.51 1.80 0.02 0.01 0.04 0.15 0.00 0.05
-1 1.49 1.39 0.08 .01 0.02 0.09 0.02 0.28
8-1 1.51 1.32 0.08 0.00 0.01 0.14 0.00 0.36
9-1 1.52 1.35 0.10 0.01 0.03 0.14 0.02 0.36
Mean 1.64 1.71 0,07 0.02 0.03 0.14 0.10 0.25
Std. dev, 0.16 0.28 .03 0.0 0.02 0.15 0.25 0.19
1-2 1.60 .06 0.09 0.02 0.06 0.07 0.03 g.21
-2 214 2.04 0.1 2.01 0.04 0.06 0.11 0.36
3-2 2.00 2.9 0,11 0.02 0.03 0.03 0.04 0.11
.l 1.93 2.05 0.1% 0.01 0.01 0.17 0.0} 0.32
5=2 1.89 2.00 0.05 0.01 0.02 0.24 0.01 0.42
6-2 1.68 2.15 0.03 0.03 0.06 0.12 0.c2 0.12
T2 1.70 1.86 0.03 0.00 0.04 0.14 0.00 0.30
8-2 1.90 2.00 0.05 0.00 0.04 0.07 0.60 0.00
-2 1.75 .12 0.07 0,00 .02 0.10 0.02 0.12
Mean 1.84 2.05 0.09 .01 Q.04 0.11 0.10 0.22
Std. dev. 0.17 0.10 .06 0.01 0.02 0.06 0.19 0.14
1-3 2.31 2. Q.11 0.01 0.04 0.16 0.03 0.96
2-3 2.06 220 a1 n,01 0.02 0.12 0.15 Q.46
3-3 1.2 2.18 a.12 a.03 U.04 0.lo 0.02 0.64
3] 1.92 2.4l 2.04 0.90 0.05 0.27 0.00 0.60
5-3 2012 2.18 0.06 .01 0.04 0.16 0.76 0.50
6-3 2.10 2.43 0.09 .01 0.07 0.07 0.01 0.190
7-3 2.08 1.92 0.06 0.03 0.04 0.14 0.04 0.13
8-3 2,17 1.7 0.02 0.02 0.03 0.07 0.03 0.08
9-3 2.15 2.20 0.05 0.01 0.03 0.14 0.04 0.18
Mean 2.15 2.15 0.08 0.01 0.04 0.14 0.12 0.41
Std. dev. 0.14 0.22 0.04 0.01 0.01 0.06 0.24 0.30
1-4 2.27 2.49 0.14 0.02 0.04 0.15 0.03 0.29
s 1.86 2017 0.04 0.00 3.06 0.28 0.01 0.75
3-3 2017 2.26 0,08 0.02 J.05 0.14 0.03 0.37
a=d 2.2 2.49 0.04 0.01 0.07 0.19 0.01 0.35
5-4 2.36 .17 0.12 0.01 0.07 0.08 3.01 0.08
6-4 2.32 2,36 0.06 0.01 0.07 0.09 0.00 0.03
7-4 1.99 213 0.03 0.04 0.04 0.11 0.02 0.03
8-4 2.06 2.09 0.04 .3 0.03 0.13 0.03 0.17
94 1.73 2.27 0.12 [V 0.04 0.09 0.02 0.02
Mean 2.11 2.28 0.07 0.02 0.05 0.14 0.02 0.24
Std. dev. 0..1 0.16 0.04 0.01 0.02 0.06 0.01 0.25
1-5 1.96 2.25 0.04 0.0t 0.09 0.26 0.05 1.36
2-3 2.00 2.19 0.05 0.01 0.04 0.13 0.21 0.31
3-5 2.11 2.34 0.07 0.01 0.03 0.13 0.12 0.27
4-5 2.2 2.19 0.10 0.01 0.01 0.07 0.03 0.06
5=5 2.2 2.41 0.05 0.22 0.04 0.52 0.01 0.17
6-5 2.25 2.33 0.10 0.03 0.03 0.07 0.05 0.18
7-5 2.2 2,44 0.07 0.03 0.05 V.14 0.01 q.06
8-5 2,17 2.38 0.07 0,04 0.03 0.38 0.48 1.20
9-5 2.25 2.50 0.08 0.05 0.01 0.10 0.05 0.09
Mean 2.17 2.34 0.06 0.05 0.04 0.2 .11 0.4l
Std. dev. 0.12 0.11 0.0) 0.07 0.02 0.16 0.15 0.50
Control
sites C A 2.20 2.32 0.14 0.22 0.08 0.23 0.03 0.21
C B 2.21 2.19 0.13 0.06 0,08 0.38 0.02 0,45
Mean 2.21 2.26 0.14 0.14 0.08 0.31 0.03 0.33
Std. dev. 0.01 0.09 0.01 0.11 0,00 0.11 0.01 0.17
Borrow
sites B 1 - 2.50 -- 0.03 - 0.08 - 0.97
B 2 -= 2.08 - 0.01 - 0.42 -= 0.22
Mean 2.29 0.02 0.25 0.60
Std. dev. 0,30 0.01 0,24 0.53

TFrom the December sediment analvsis.
2¥o comparable data.
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Table 10. Comparison of mean grain size (phi), percen: silt-clay,
percent organic carbon and percent carbonate between
May 1975 and May 1980 (Saloman, 1976) for all stations.

Mean grain Pct Pct Pct
size (4) silt-clay organic carbon varbonate
Station 1975 1980 1975 1980 1975 1980 1975 1980
1-1 2.08 1.77 0.07 0.05 0.01 0.06 0.11 0.46
2-1 1.42 2.21 0.01 0.01 0.16 0.06 0.12 0.09
3-1 1.58 1.86 0.02 0.01 0.12 0.03 0.01 0.04
4-1 1.52 1.76 0.00 0.00 0.03 0.05 0.70 0.02
5-1 1.68 1.58 0.00 0.00 0.15 0.06 0.17 0.03
6-1 1.70 1.80 0.00 0.01 0.06 0.03 0.09 0.06
7-1 1.66 1.49 0.00 0.01 0.02 0.05 0.03 0.02
8-1 1.43 1.44 0.00 0.01 0.04 0.05 0.00 0.03
9-} 1.15 1.80 0.00  b.01 0.02 0.03 0.01 0.03
Mean 1.58 1.75 0.01 0.01 0.07 0.05 0.14 0.09
std. dev, 0.25 0.23 0.02 0.01 0.06 0.0} 0.22 0.14
1-2 1.73 2.03 0.01 0.01 0.03 V.08 0.21 0.73
2-2 2.06 2.33 0.01 0.28 0.03 0.05 0.10 0.05
3-2 2.1 2.18 0.07 0.00 0.03 0.05 0.09 0.12
4-2 2.04 2.27 0.07 0.02 0.03 0.07 0.06 0.04
ol s5-2 2.00 2.18 0.00 u.0l1 V.04 0.07 0.01 0.08
6-2 2.12 217 6.08 0.01 0.02 0.06 0.01 0.06 -
7-2 2.07 22 0.01 0.01 0.09 U.06 0.00 0.05
8-2 1.78 2.3 0.00 0.00 0.01 0.06 0.03 0.05
9-2 1.51 2.07 0.06 0.08 0.01 0.07 0.06 0.04
Mean 1.94 718 0.03 0.05 0.03 0.06 5.06 0.14
Std. dev. 0.21 0.09 0.03 0.09 0.02 0.01 0.07 0.22
1-3 2.2 2,49 0.02 0.01 0.08 0.08 0.01 0.59
223 2.41 2.11 0.04 0.00 0.01 0.07 0.01 0.10
3-3 2,61 2,35 0.08 0.00 0.05 0.30 0.02 0.06
4=3 2.45 2.2 0.07 0.01 0.03 u.10 0.06 0.06
5-3 2.35 2,24 0.06 0.00 0.04 0.06 0.04 0.06
6-3 2.4 2,18 0.04 0.01 0.05 9,08 0.24 0.08
7-3 143 2 0.16 0.02 0.01 4.08 2.05 0.04
8-3 2.18 2.05 0.01 0.09 0.05 0.12 V.00 0.08
9-2 2.36 2,19 0.06 0.01 0.01 0.08 0.0l 0.06
Mean 2.37 235 0.06 0.02 0.04 0.11 5.05 0.1
Std. dev. 0.09 0.15 0.04 0.03 0.02 0.07 0.07 a.18
1-4 1.89 283 0.00 0.01 0.06 0.08 0.04 2.2
2-4 1.94 2.16 Q.01 0.01 0.03 0.06 0.20 0.15
3-4 2,15 2.91 0.02 0.01 0.0% 0.05 0.01 0.10
i=b 2.22 2.48 0.03 0.01 0.03 D.11 0.03 0.06
5-4 2.15 2.32 0.00 0.01 0.03 0.08 0.04 0.08
6-4 2.2 2.3 0.01 0.00 0.04 0.08 0.10 V.98
-4 2.33 2,06 0.10 0.01 9.01 0.08 0.04 0.09
8-4 2,45 2,03 0.13 0.01 0.01 0.06 0.03 0.11
9-4 2.36 2,03 0.11 0.01 0.03 0.04 0.00 0.10
Mean 2.19 .32 0.05 0.01 0.03 0.07 0.05 0.33
Std. dev, 0.18 0.29 0.05 0.00 0,02 0.02 0.06 0.71
1-5 2.6 2,45 0.05 0.01 0.02 0.09 0.13 0.33
2-5 2.23 2,18 0.03 0.01 0.03 0.09 0.20 0.11
3-5 2.20 2.48 0.03 0.02 - 0.08 -- u.16
4=5 2.31 1.96 0.01 0.01 0.01 0.08 .31 0.09 .
5-5 2,32 2.39 0.00 7.00 0.0% .06 V.00 0.05 !
6-5 2,28 2.28 0.10 0.00 0.05 V.08 0.05 0.07 .
7-5 2.46 2,43 0.14 0.05 0.91 010 0.04 0.05 !
8-5 2.18 2,13 0.05 0.01 0.01 V.08 0.93 0.07 )
9-5 2.25 2.29 0.10 0,02 0.01 0.09 0.07 3.09
Mean 7.27  2.29  0.06 0.0l  ©0.00 _0.08 0.10 0.1l |
std. dev. 0.09 0.17 0.05 0.02 0.02 0.01 0.10 0.08 i
Control |
sites C A 2.43 2.24 0.17 0.03 0.05 0.07 0.03 0.16 !
CB 2.33 2,23 0.00 0,07 0.01 0.12 0.07 0.17 :
Mean 2.38 2.24 0.17 0.05 0.03 0.10 0.05 0.17
Std. dev. 0.07 0,01 0.00 0.03 0.03 0.04 0.03 0.01
Borrow ’
sites B 1 - 2,38 -- 0.0t -- 0.06 - 0.13
B2 -- 2.42 -- 0.01 -- 0.23 - 0.08
Mean 2.40 0.01 0.14 0.11
Std. dev. 0.03 0,00 0.13 0.04
INo comparable data.
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Figure 7. Graphic comparisons of organic carbon percentages for May and November-
December between the 1974-75 and 1979-80 collections.
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Figure 8. Graphic comparisons of carbonate percentages for May and November-

December between the 1974-75 and 1979-80 collections.
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stations; 5,959 individuals, representing 125 taxa, were collected from

19 to 23 May 1980, Composite species lists and' faunal counts for all’
stations for each sampling period are presented in Appendix B. A checklist
of speacies collected during this study (Table 11) lists 162 taxa repre-
senting 14 animal phyla,

(1) Species Composition. Of the 128 taxa collected in November-
December, the most abundant group was the polychaetes (36 species),
followed by bivalves (14 species), gastropods (13 species), amphipods (10
species), and brachyurans (10 species). For May, the same groups were
again dominant: polychaetes (36 species), gastropods (15 species), amphi-
pods (12 species), bivalves (11 species), and brachyurans (9 species).
These data are presented in Table 12. Other major groups were represented
by few species and composed only a small percentage of the total fauna.

For November-December, the most abundant species at transect statiocns
2 to 5 was the polychaete Paraonis fulgens (25, 30, 42, and 22 percent of
total fauna). For station 1 the polychaete Scolelepis squamata was domi-
nant (55 percent) At station 2 the bivalve Donax texasianus (15 percent),
the amphipod Haustorius n. sp., a new undescribed species (11 percent), and
the mysid Bowmaniella spp. (11 percent) were also dominant taxa. The amphi-
pods Acanthohaustorius sp., Protohaustorius n. sp., and Pseudohaustorius n.
sp., were important faunal components at stations 3, 4, and 5. Table 13
presents the dominant fauna for stations 1 to 5 for the November-December
sampling. Table 14 lists the dominant fauna for stations CA and CB. These
stations were characterized by a lower level of oligomixity. The amphipod
Protohaustorius n. sp. (15 percent) was the most abundant species at station
CA; an unidentified nematode (22 percent) the amphipod Pseudoplatyischnopus
n. spp. (15 percent) and an unidentified oligochaete (14 percent) were
dominant at station CB.

For May (Table 15) the polychaete Scolelepis squamata (90 percent) was
singly dominant at station 1 and was also abundant at station 2 (21 percent).
Paraonis fulgens was again abundant at stations 3 (10 percent), 4 (42 per-
cent), and 5 (18 percent). Also common at station 3 was the echinoderm
Mellita gquinquiesperforata (15 percent), the amphipod Protohaustorius n. sp.
(13 percent), and the polychaete Spiophanes bombyx (10 percent); at station
4 the amphipods Acanthohaustorius sp. (8 percent) and Protohaustorius n.
sp. (9 percent) were common; and at station 5 the amphipod Protohaustorius
n. sp. (28 percent) and the polychaete Nephtys picta (7 percent) were
abundant. Stations CA and CB showed a higher level of oligomixity for May
than for November-December, but again it appeared lower than for the transect
stations. At station CA the amphipod Protohaustorius n. sp. (27 percent)
and the polychaete Myriochele oculata (14 percent) were abundant; at station
CB the bivalve Pitar simpsoni (35 percent) and the amphipods
Pseudoplatyischnopus n. spp. (12 percent) and Protohaustorius n. sp.

(12 percent) were the most numerous.
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Table 12. Relative number of species and percentage of total faunal
composition over all stations for the November-December
1979 and the May 1980 sampling at the Panama City beaches.
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Nov.~Dec. 1979 May 1980

No. of Pct of No. of Pct of
Major taxon species total fauna species total faunal
CNIDARIA 3 0.10 1 0.17
PLATYHELMINTHES 1 0.30 1 0.02
NEMERTINEA 1 1.45 1 1.33
NEMATODA 1 4.46 1 1.01
BRYOZOA - - - 0.02
GASTROTRICHA 1 0.10 - -
PHORONIDA - - 1 0.62
SIPUNCULIDA 0.02 - -
OLIGOCHAETA 3.03 1 0.35
POLYCHAETA 36 44.21 36 52.96
GASTROPODA 13 1.15 15 1.04
BIVALVIA 14 2.86 11 6.48
COPEPODA 0.54 0.03
CUMACEA 0.61 0.77
OSTRACODA 0.12 0.05
ISOPODA 2 0.24 5 1.26
AMPHIPODA 10 32.06 12 23.97
PENAEIDEA 0.06 1 0.05
CARIDEA 0.57 3 0.23
MACRURA - - 1 1.11
ANOMURA 7 1.39 9 1.90
BRACHYURA 10 1.97 9 2.62
MYSIDACEA 9 2.87 5 0.49
STOMATOPODA - - 1 0.05
ECHINOIDEA 1 1.43 1 3.99
HOLOTHUROIDEA 1 0.02 - -
OPHIUROIDEA 1 0.04 - -
CHAETOGNATHA 1 0.20 1 0.10
CEPRALOCHORDATA 1 0.30 1 0.10
Total 128 100.00 125 100.00




Table 13. Percentage composition of the dominant fauna based on
numbers of animals cumulatively comprising 80 percent
or more of the total station fauna for all stations for
the November 1974 and November-December 1979 sampling

periods.

Species

Station

1

2

3

4

5

1974 1979

1974 1979

1974 1979

1974 1979

1974 1979

NEMERTINEA
Unidentified sp.
NEMATODA
Unidentified sp.
ANNELIDA
OLIGOCHAETA
| Unidentified spp.
! POLYCHAETA
: Brania wellfleetensis
Dispio uncinata
Magelona riojai
Paraonis fulgens
Scolelepis squamata
Scoioplos foliosus
; Spio pettiboneae
Spiophanes bombyx
MOLLUSCA
BIVALVIA
Cuna dalii
Donax texasianus
Ervilia concentrica
Veneridae sp.
ARTHROPUDA
CRUSTACEA
CUMACEA
Manocuma sp.
AMPHIPODA
Acanthohaustorius sp.
Haustorius sp.
Moncoculodes nyei
Protohaustorius n. sp.
Pggudohaustorius n. sp.
ANOMURA
F Emerita talpoiia
BRACHYURA
Pinnixa retinens
MYSIDACEA
Bowmaniellc spp.
Mysidopsis dahic
ECHINODERMATA
ECHINOIDEA
) Mellita juinguiesperforata
CEPHALOCHORDATA
Branchiostoma floridae

.63
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.31
.32
.31
.33
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17,45 =~

47.26 13.72

- 8.20
11.75 10.31

23.11 -

20.54 13.78

13.58 18.15
20.20 13.61
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Total

No. of species

91.96 83.24
2 4

92.90 84.16
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84,77 80.82
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81.48 8i.61
4 3

36

Do ain desiie e




Table 14.

Percentage composition of the dominant fauna based on numbers

of animals cumulatively comprising 80 percent or more of the
total station fauna for control sites CA and CB for the 1974~
75, 1979-80 studies, and the borrow sites Bl and B2 for the

1979-80

study.

Species

Nov.-
Dec.
1979

Nov.
1974

Control CA

Control CB
V-

Dec.

1979

Nov.
1974

o
Control CA

Control CB

Borrow site Bl

May May
1975 1980

May
1975

May
1980

[
Dec.
1979

May
1980

Borrow site Bzi
Wov.-

Dec . May
1979 1980

NEMERTINEA
Unidentified ap.
NEMTACDA
Unidentified spp.
PHORONIDA
Phoronis architecta
ANNELIDA
OLIGOCHAETA
Unidentiffed sp.
POLYCHAETA
Armandia maculata
Srania clavata
Brania wellfleetensis
Nagelona riojai
Myriochele oculata
Nephtys picta
Nereis sp.
Ophelia sp.
Paracnides lyra
Paraonis fulgens

Phyllodoce sp.
Prionospio cristata
Scolelepis squamata
Scolelepis texana
Scoloplos foliosus
Spio pettiboneae
Spiophanes bombyx
MOLLUSCA
GASTROPODA
Natica pusilla
Olivella dealbata
Cliva sp.
BIVALVIA
Ervilia concentrica
Pitar simpesoni
Tellina versicolor
ARTHROPODA
CRUSTACEA
CUMACEA
Cyclaspis varians
AMPHIPODA
Acanthohaustorius sp.
Nonoculodes nyei
Protohaustorius n.
Pseudohaustorius
n. sp.
Pseudoplacyischnopus
a.
COPEPODA
Unidentified sp.
BRACHYURA
Dissodactylus
mellitae
Pinnotheridae
sp. (juv.)
CARIDEA
Processa hemphilll
ECHINODERMATA
ECHINOIDEA
Nellita quingquies-
perforata
Unidentified sp.
CEPHALOCHORDATA

sp.

Paraprionospio pinnata

Branchiostome floridae
i
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Table 15.

Percentage composition of the dominant fauna based on numbers of

animals comprising 80 percent or more of the total stat .on fauna
for all stations for the May 1975 and 1980 sampling periods.

Species

Station

1

2

3

4

5

1975 1980

1975 1980

1975

1980

1975

1980

1975

1980

NEMERTINEA
Unidentified spp.
NEMATODA
Unisentified spp.
ANNELIDA
POLYCHAETA
Armandia maculata
Dispio uncinata
Magelona riojai
Nephtys picta
Paraonis fulgens
Scolelepis squamata
Spio pettiboneae
Spiophanes bcmbyx
MOLLUSCA
BIVALVIA
Cuna dalli
Donax texasianus
ARTHROPODA
CRUSTACEA
ISOPODA
Chiridotea excavata
AMPHIPODA
Acanthohaustorius sp.
Parahaustorius n. sp.
Protohaustorius n. sp.
Pseudohaustorius n. sp.

Pseudoplatyischnopus n. spp.

MACRURA
Callianassa sp.
BRACHYURA
Dissodactylus mellitae
Pinnotheridae sp. (juv.)
ECHINODERMATA
ECHINOIDEA
Mellita quinquiesperforata

15.05

38.20

7.45

3.14

8.03

3.51

3.26

3.15
1.57

7.09
17.89

3.94

3.26
3.15 ]
28,12
4.16
3.60

1.46

Total
No. of species

95.59 90.22
2 1

80.85 82.78
1 5

83.25

81.43
12

83.71
3

80.05
8

81.87

80.65
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Table 16.

Comparison of species richness (number of species)
between November 1974 and November-December 1979
for all stations.

INo. of species lﬁo. of species| . of species
Station § 1974 1979 { Station | 1974 1979 | Station | 1974 1979
1-1 1 8 1-2 3 10 1-3 11 13
2-1 3 8 2-2 3 8 2=3 13 19
-1 2 12 3-2 4 8 3-3 13 23
41 3 9 4=2 2 9 4-3 13 17
5-1 2 8 5-2 2 11 5-3 18 25
6-1 3 8 6-2 6 14 6-3 18 15
7-1 2 6 7-2 3 10 7-3 13 28
8-1 3 7 8-2 2 14 8-3 12 18
9-1 2 8 9-2 2 11 9-3 11 26
X 2.3 8.2 E3 3.0 10.6 x 13.6 20.4
Std. devyd 0.07 1.6 { Std. 1.3 2.2 | Std. dev] 2.7 5.2
1-4 6 15 1-5 16 16 Control
2-4 6 20 2-5 13 20 site C A| 15 36
3-4 14 16 3-5 13 17 C B| 26 39
4=4 11 23 4-5 8 12 x 20.5 37.5
5-4 11 19 5-5 14 22 Std, dev] 7.8 2.1
6-4 8 13 6-5 14 29
7=4 5 19 -5 8 21 Borrow
8-4 8 20 8-5 6 26 site B 1| -1 21
9-4 11 24 9-5 7 20 B2 -~ 15
B 8.9 18.8 1.0 20.3]| X s 18.0
Std. dev) 3.0 3.6 | Std. dev] 3.7 5.1 Sm.dwl—— 4.2
INo comparable data.

Table 17. Comparison of species richness (number of species)
between May 1975 and May 1980 for all stations.
No. of speciles No. of species hb. of species

Station | 1975 1980 | Station | 1975 1980 | statiom | 1975 1980

1-1 4 5 1-2 5 14 1-3 16 22

2-1 5 7 2-2 7 17 2-3 18 30

3-1 4 7 3-2 10 17 3-3 15 19

4=~1 4 6 4-2 6 14 4-3 26 17

5~1 5 6 5-2 7 17 5-3 22 24

6~1 4 6 6-2 8 16 6-3 20 8

7~1 4 3 7-2 7 17 7-3 22 20

8-1 6 6 8-2 6 11 8-3 14 27

9~1 6 4 9-2 9 15 9-3 19 18
3 4.7 N 7.2 15.2 | % 19.1  21.8
Std. devd 0.9 1.3 Std. 1.6 2.2 Std, dev.) 3.9 4.4

1-4 15 23 1-5 19 27 Control

2-4 14. 22 2-5 19 32 sites C A 40 33

3-4 16 20 3-5 24 29 C 30 43

4~b 16 13 4=5 15 17 x 35 38.0

54 17 14 5-5 20 22 Std. dev. 7.1 6.2

64 19 15 6~5 19 12

7<4 23 14 7-5 27 26 Borrow

8~4 17 16 8-5 23 17 sites B 1 --1 15
| 94 21 17 9~5 21 20 . B2 11

X 17.6 17.1 | ¥ 20.8  22.4 | % 13.0
Std. dev{ 2.9 3.7 Std. devT 3.5 6.5 Std. dev. 2.8
INo comparable data.
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Table 14 presents the dominant species data for borrow sites Bl and
B2 for both the November-December and May samplings. Both statioms
exhibited relatively high levels of oligomixity in November-December with
more than 80 percent of fauna represented by only four species (site Bl)
and three species (site B2). The faunal distribution improved significantly
by May with the number of species representing more than 80 percent of the
fauna doubling for each site.

Faunal composition between corresponding stations of the nine transects
did not vary substantially for either sampling period. Examination of the
composite lists and faunal counts (App. B, Tables B-1 and B-2) shows that
species numbers varied little between stations. Faunal counts showed some
variation between corresponding stations. However, the largest variations
were usually due to a greater or lesser abundance of a dominant species.
The overall pattern of faunal composition is dominance by several species
over all corresponding stations with "rare" species distributed rather
uniformly over all statioms.

(2) Species Richness. The number of species found at each station
is presented in Tables 16 and 17 for November-December and May, respectively,
Species richness ranged from 6 to 39 species (stations 7-1 and CB) for
November-December and 4 to 43 species (stations 9-1 and CB) for May.
Generally, the number of species increased with increasing distance from
shore for both sampling periods. Control stations CA and CB exhibited
the greatest number of species for both sampliing periods. The borrow sites
generally had species numbers comparable to stations 2 or 3 of the transects.
Overall, there was relatively little variation in species numbers between
comparable stations of the nine transects (see Tables 16 and 17).

(3) Faunal Density. For the November-December sampling period faunal
density ranged from 192 organisms per square meter at station 1 on transect
4 to 4,912 organisms per square meter at station 4 on transect 8. For May
the density ranged from 336 organisms per square meter at station 1 on
transect 8 to 6,064 organisms per square meter at station 1 on transect 1.
Faunal density estimates for all stations are listed in Tables 18 and 19.
Faunal densities for stations 1, 2, 3, CA and CB were generally greatest in
May with the exceptions of stations 2-1, 8-1, 9-1, 1-2, 6-3 and 7-3, which
exhibited the greatest densities in November-December. Stations 4, 5 and
the borrow sites Bl, B2 had the highest faunal densities in November-
December with the exceptions of stations 2-4, 3-4, 9-4, 2-5, 3-5, and 4-5
having greater numbers in May. Overall, the nearshore stations and CA and
CB exhibited greater faunal densities in May than November-December with
the offshore stations and borrow sites having greatest demnsities in
November-December. Variation among corresponding stations over the nine
transects was largest when the faunal densities were greatest (e.g., varia-
tions in faunal density for stations 1, 2 and 3 were largest in May,
corresponding to greatest faunal densities).
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Table 18.

Comparison of faunal density (number of organisms per square

meter) between November 1974 and November-December 1979 for
all stations.

Faunal density Faunal density Faunal density
Station] 1974 1979 |Station] 1974 1979 |Scation] 1974 1979
1-1 224 2,800 1-2 96 992 1-3 1,376 1,088
2-1 112 1,680 2-2 160 976 2-3 1,280 1,568
3-1 64 880 3-2 576 480 3-3 912 1,584
4-1 112 192 4=2 432 576 4-3 1,984 1,776
5-1 160 528 5-2 384 1,408 5-3 3,312 1,808
6-1 224 528 6-2 624 544 6-3 3,664 2,800
7-1 160 416 7-2 336 560 7-3 1,334 3,408
8-1 112 464 8-~2 208 960 8-3 2,320 640
9-1 208 912 9-2 352 672 9-3 1,776 1,200
X 152.9 933.3] ® 352.0 796.41 X 1,996.4 1,763.6
Std. Std. Std.
dev. 5/.2 822.4] dev 178.5 307.2| dev. 946.4 857.9
1-4 576 1,888 1-5 1,392 2,288 Qgg;;gl
2-4 336 1,728 2-5 1,792 1,248 siceﬂ
3-4 1,168 1,488 3-5 768 1,408 CaA 2,064 1,408
4-4 1,584 2,624 4-5 1,024 1,008 C B 3,308 4,304
5-4 1,344 1,696 5~5 704 3,360 r?? 2,936.0 2,856.0
6-4 2,000 3,072 6-~5 1,088 3,232 Std.
7-4 1,936 1,136 7-5 768 2,272 dev. 1,233.2 2,047.8
8-4 976 4,912 8~5 512 2,576 Borrow
| 9-4 2,336 1,168 9-5 1,360 2,000 site
X 1,361.8 2,190.2] X 1,045.3 2,154.7] g 1 2,264
Std. Std. -—
dev. 670.1 1,202.7] dev 408.3 832.2% 2 i:‘gggo
Std.
dev. 511.9

1No comparable data.

Table 19.

Comparison of faunal density (number of organisms per square

meter) between May 1975 and May 1980 for all stations.

Faunal density

Faunal density

Faunal density

Stationf| 1975 1980 Station] 1975 1980 Station] 1975 1980
1-1 | 21,232 6,064 1~2 1,600 864 1-3 6,112 1,696
2-1 6,880 1,248 2-2 {14,000 1,872 2-3 3,264 2,576
3-1 2,048 1,536 3-2 5,424 1,936 3-3 2,816 1,808
4-1 | 16,272 4,608 4=2 5,728 4,048 4-3 |16,016 1,792
5-1 | 21,440 3,280 5-2 4,976 1,424 5-3 | 10,912 3,728
6-1 | 12,224 4,992 6-2 5,456 1,712 6-3 | 6,096 896
7-1 | 4,112 1,520 | 7-2 5,072 1,696 7-3 |12,272 1,680
8-1 | 21,456 336 8-2 4,048 992 | 8-3 4,512 2,096
9-1 | 12,480 800 | 9~2 {35,504 2,816 9-3 7,616 1,632

B3 13,127.1 2,709.3[ X ~9,080.8 1,930.0] X ~V.735.1 1,989.3

std. Std. Std.

dev. 7,569.1 2,079.7] dev. | 10,454.3 977.6] dev. | 4,460.4 787.0
1-4 5,776 1,504 1-5 2,240 1,712 c
2~4 4,000 2,112 2-5 3,632 2,208 site
3~4 2,832 1,600 | 3~5 2,752 2,192 CA | 4,784 2,160
4=b 4,080 1,312 4-5 2,640 1,136 CB | 5,504 4,560
LA 2,672 1,106 5-5 3,616 1,85 [T 5,144.0 3,380,
6~4 2,160 1,208 6-5 2,992 704 Std.

7-4 3,168 560 | 7-5 | 4,176 1,504 | dev. 509.1 1,697.1
8-4 5,040 1,536 | 8-5 3,200 976 Trow

[ 9= | sj656 1,764 | 9o5 | 2,656 _ 1,93 fﬁ;;;r
X 3,820.4 1,416.9] X 3,100.4 1,580.4 B 1 el 1,104

Std. Sed. Jrl - 896

dev. 1,203.5 434.1) dev. 612,2 539.00 % 1,000.0

Std.
dev. 147.0

INo comparable data.
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(4) Species Diversity and Equitability. Species diversity (Shannon-
Weaver H') and equitability values (Pielou’s J') are presented in Table 20
(November-December 1979) and Table 21 (May 1980). Diversity values ranged
from 0.47 to 3.22 (stations 1-1 and CA) for November-December and 0.15 to
2.85 (stations 1-1 and 2-3) for May. For transect stations 1, 2, and 3 and
stations CA and CB, diversity values generally decreased from November-
December to May. Transect stations 4 and 5 showed the least amount of
seasonal change. Borrow sites Bl and B2 were unusual in exhibiting a pro-
nounced increase in diversity from November-December to May. Diversity
values for transect stations 1 and 2 were generally much lower than all
other stations, for both sampling periods. Station 4 exhibited lower
diversity values than stations 3 or 5.

»

-

Equitability values were generally quite high (>0.60) with the exception
of transect station 1, indicating a relatively low level of oligomixity
within the study area.

Table 22 lists values for Simpson's diversity index (A) for transect
stations 1 to 5 for all nine transects, as well as stations CA and CB and
borrow sites Bl and B2. In this case a low )} value indicates a high
diversity. This measure shows the trends illustrated in Tables 20 and 21,
i.e., stations 1 and 4 have the lowest diversities, with diversity increas-
ing slightly at the offshore stations.

b. Comparison of Faunal Parameters to Saloman's (1976) Study. Compari-
sons of the species and number of individuals collected for all 47 stations
between the present study (1979-80) and Saloman's study (1974-75) are given
in Appendix C. The major differences are given below.

(1) Species Richness. For November-December comparisons the number
of species collected at each station was greater in 1979 than in 1974, with
the exception of station 1-5, with 16 species collected during both studies
(Table 16). For May comparisons, 29 stations exhibited more species during
1980, 17 exhibited less, and 1 remained the same (Table 17). The number of
species at a statignh (averaged over 9 transects for stations 1 to 5) is de-
picted in Figure 9 (November-December) and Figure 10 (May).

(2) Faunal Density. For November-December comparisons faunal densi-
ties were mostly greater in 1979 than 1974 (35 stations with faunal densities
in 1979 greater than 1974, 12 less than 1974; see Table 18). For May the
faunal densities were always higher in 1975 than 1980 (Table 19). This was
primarily caused by the extreme abundance of some species in 1975: the bivalve
Donax texasianus (stations 1 to 4) and the amphipods Acanthohaustorius sp.
(stations 3, 4, and 5) and Protohaustorius n. (stations 2, 4, and 5). Faunal
density comparisons for each station (averaged over 9 transects for stations
1 to 5) are exhibited in Figure 9 (November-December) and Figure 10 (May).
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Table 20. Comparisons of equitability values (Pielou's J') and Shannon-Weaver
diversity values (H') between the November 1974 (Saloman, 1976)
sanpling and the November-December 1979 collections.

Equitability Diversity Equitabilicy Diversity
Pielou's J' | Shannon-Weaver H'| Pielou's J' Shannon-Weaver H'
Station {1974 1979 1974 1979 Station | 1974 1979 1974 1979
1-1 1.00! 0.22 0.00 0.47 1-2 0.92 0.64 1,01 1.48
2-1 0.87 0.44 0.96 0.91 2-2 0.96 0.63 1.06 1.31
3-1 0.81 0.64 0.56 1.58 3-2 0.54 0.79 0.75 1.65
4-1 0.73 0.97 0.80 2.14 42 0.61 0.87 0.42 1.92
5-1 0.47 0.81 0.33 1.68 5~2 0.98 0.86 0.68 2.07
6-1 0.80 0.75 0.88 1.55 6-2 0.62 0.91 1.10 2.41
7-1 0.88 0.69 0.61 1.23 7-2 0.76 0.80 0.84 1.85
R 8-1 0.87 0.71 0.96 1.38 8-2 0.39 0.81 0.27 2.13
9-1 0.99 0.66 0.69 1.38 9-2 0.77 0.84 0.54 2.02
x 0.82 0.65 0.64 1.37 x 0.73 0.79 0.74 1.87
Std. dev.|0.16 0.22 0.32 0.48 Std. devy 0.20 0.10 0.29 0.34
1-3 0.69 0.70 1.64 1.80 1-4 0.72 0.65 1.29 1.76
2-3 0.75 0.79 1.93 2.32 2-4 0.76 0.75 1.36 2,26
3-3 0.63 0.81 1.63 2,53 3-4 0.68 0.80 1.80 2,22
4-3 0.76 0.76 1.95 2,14 44 0.64 0.52 1.52 1.64
5=3 0.70 0.84 2.02 2.70 54 0.62 0.78 1.49 2.29
6-3 0.58 0.57 1.68 1.53 6-4 0.58 0.54 1.22 1.38
7=3 0.71 0.71 1.83 2.37 7-4 0.55 0.90 0.88 2.64
8-3 0.56 0.88 1.43 2.54 8-4 0.58 0.32 1.21 0.96
9-3 0.65 0.80 1.56 ° 2.53 9-4 0.69 0.81 1.65 2.57
x 0.67 0.76 1.74 2.27 x 0.65 0.67 1.38 1.97
Std. dev.|0.07 0.09 0.20 0.39 Std. dev] 0.07 0.18 0.27 0.57
1-5 0.67 0.62 1.86 1.75 Control sites
2-5 0.62 0.83 1.58 2.49 caA 0.71 0.90 1.92 3.22
3-5 0.88 0.81 2,26 2.31 CB 0.58 0.74 1.90 2.71
4-5 0.75 0.84 1.56 2.09 x 0.65 0.82 1.91 2.97
3-3 0.79  0.64 | 2.09  1.97 gy 4evfo0.09 0.11 | 0.01  0.38
6-5 0.66 0.64 1.75 2.17 . . - - -
7-5 Q.82 0.67 1.71 2.04 Borrow sites
8-5 0.70 0.78 1.26 2.56 B 1l - 0.59 - 1.79
9-5 0.75 0.61 1.45 1.83 B2 - 0.60 -~ 1.62
x 0.7  0.72 1.72 2.3 x 0.60 1.71
Std. dev,|0.08 0.10 0.31 0.28 Std. dev 0.01 g.12
1only one species at this station.
No comparable data.
]
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Table 21. Comparisons of equitability values (Pielou's J') and Shannon-Weaver

diversity values. (H') between the May 1975 sampling (Saloman, 1976)

and the May 1980 collections.

| Equitability Diversity Equitability Diversity
Pielou's J' Shannon-Weaver H Pielou's J' Shannon-Weaver H'
} Station | 1975 1980 1975 1980 | Station | 1975 1980 1975 1980
{ 1-1 0.23  0.10 0.32  0.15 1-2 0.84  0.76 1.36  1.99
2-1 0.52  0.41 0.83  0.80 2-2 0.39  0.67 0.77  1.89
3-1 0.56  0.75 0.78  0.75 3-2 0.29  0.60 0.67 1.70
4-1 0.57  0.27 0.79  0.48 4=2 0.32  0.40 0.58  1.06
5-1 0.50  0.35 0.81  0.63 5-2 0.37  0.68 0.71 1.9
6-1 0.54  0.11 0.76  0.20 6-2 6.54  0.67 1.12  1.85
7-1 0.39  0.42 0.54  0.46 7-2 0.45  0.68 0.87  1.92
8-1 0.57 0.73 1.03  1.31 8-2 0.49  0.71 0.88  1.69
9-1 0.50  0.43 0.90  0.60 9-2 0.20  0.69 0.45  1.86
x 0.49  0.40 0.75  0.60 x 0.43  0.65 0.84  1.77
std. dev.] 0.11  0.23 0.2k 0.35 | Std. dev{ 0.19 0,10 0.28  0.28
1-3 0.47  0.74 1.30  2.28 1-4 0.40  0.80 1.09 2.52
2-3 0.67  0.84 1.94  2.85 2-4 0.46  0.65 1.26  2.02
3-3 0.73  0.82 1.99  2.40 3-4 0.55 0.73 1.52  2.18
4-3 0.42  0.82 1.38  2.32 4=4 0.55 0.71 1.52 1.83
5-3 0.38  0.61 1.19  1.95 5-4 0.58  0.58 1.65  1.52
§-3 0.61  0.88 1.86  2.53 6-4 0.62  0.64 1.81  1.73
7-3 0.48  0.77 1.48  2.31 7-4 0.63  0.83 1.96  2.20
8-3 0.58  0.78 1.53  2.58 8-4 0.47  0.57 1.33 1.59
9-3 0.44  0.85 1.28  2.46 9-4 0.55 0.78 1.63 2.20
x 0.53 0.79 1.55 2.41 x 0.53 0.70 1.53 1.98
Std. dev] 0.12  0.08 0.30  0.25 | Std. dev] 0.08  0.09 0.28  0.33
1-5 0.77 0.70 2.27 2.30 Control sites
2-5 0.78  0.81 2.23  2.79 CaA 0.76 0.78 2.80  2.73
3-5 0.74  0.69 2.35  2.31 CB 0.67  0.68 2.26  2.55
4=5 0.66 0.77 1.79  2.19 z 0.9z 0.73 2.60  2.64
-5 0.68  0.74 | 2.03  2.30 |, 4..lo0.06 0.07 | 0.28 0.13
6=5 0.64  0.84 1.88  2.10 : : : : :
7-5 0.67  0.83 2,20 2.71
8-5 072 0.79 | 2.24 2.22 | Dorzowsites
9-5 0.67 0.65 | 2.03 1.5 | 31 = 0.86 | — 2.28
Z : . : : B2 — 0.89 - 2.13
x 0.70  0.76 2.09  2.32 =
x 0.87 2.21
std. dev. 0.50 0.07 0.19  0.27 | oy ev 0. 04 T
INo - omparable data.




Table 22. Comparison of species diversity (Simpson's A) and faunal
similarity (Morisita's CX) values.

Simpson's A Morisita's CA
Nov. Nov.-Dec. May Nov. May
Station 1974 1979 1975 1980 1974-1979 1975-1980
1 0.49 0.34 0.48 0.82 0.05 0.82
2 0.53 0.13 0.66 0.17 0.44 0.31
3 0.22 0.13 0.32 0.08 0.51 0.19
4 0.29 0.22 0.30 0.21 0.33 0.22
S 0.18 0.13 0.17 0.13 0253 0.61
Control sites
CA 0.20 0.05 0.10 0.11 0.11 0.55
CB 0.33 0.11 0.15 0.16 0.09 0.26
Borrow sites
B 1 -1 0.29 - 0.12
B2 - 0.34 - 0.13
Borrow and control sites
B1ltoB?2 0.39 0.81
BltoCA 0.25 0.66
BltoCHB 0.18 0.26
B2toCA 0.27 0.54
B2toCB 0.05 0.18
1 No comparable data.

(3) Species Composition. An examination Jf the tables in Appendix
C and Tables 13, 14, and 15 shows that there is a grejt deal of difference
between the community composition of 1974-75 and 1979-80. A superficial
examination of Tables 13, 14, and 15 indicates that at most of the stations
the dominant species have changed. However, a more detailed look at the com-
posite species lists for 1979-80 (see App. B) and the 1974-75 list (Saloman,
1976) indicates that few species were unique to either study. Not evident
from the data in these tables is the fact that nearly all the species reported
for this study were also reported by Saloman (1976), although not for corre-
sponding sampling periods.

(4) Species Diversity and Equitability. Overall, the species
diversity for the 1979-80 data was higher than for the 1974-75 data (Tables
20 and 21). This is because the total number of species collected at most
stations was greater in 1979-80. Equitability was also somewhat higher for
the present study, although not as marked as species diversity. This indi-
cates that although there were more species collected during the two sampling
periods of the present study, the evenness of the species distributions was
comparable for both studies.

(5) Faunal Similarity. Morisita's index of faunal similarity was
used to compare the 1979-80 and 1974-75 data by station (Table 22). As can
be seen, the level of similarity based on the number of species in common
and their relative proportions is quite low for all comparisons except
station 1 versus 1 for May and borrow site 1 versus 2 for May.
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IV. DISCUSSION

1. Study Design Restrictions.

The accuracy of the data collected and the validity of its interpre-
tation are dependent upon the adequacy of the study design. In order to
properly assess the environmental impact of the beach nourishment program
three components are necessary: (a) quantitative prenourishment base-line
information; (b) immediate and short-term impact determinations; and (c) a
long~-term effects study. Components (a) and () have been addressed by other
investigators (Saloman, 1976; Saloman, Naughton and Taylor, in preparation,
1982) and component (c) has been addressed by this report. The adequacy of
the sampling design used for this study is discussed in Appendix D.

2. General Characterization of Abiotic Parameters.

Values for temperature, salinity, and dissolved oxygen observed in
this study can be considered typical for nonestuarine northern Gulf of
Mexico waters. The seasonal variations recorded for this study correspond
well with those observed by Saloman (1976). Salinity and temperature were
essentially uniform throughout the sampling area, and dissolved oxygen varied
only slightly. Several rainstorms occurred during sampling, and small changes
of salinity and water temperatures were detected at the nearshore stations
and surface offshore waters. These variations were generally small and
short lived due to the active mixing of waters in the surf and nearshore
zones. Saloman, Naughton, and Taylor (in preparation, 1982) noted seasonal
fluctuations in salinities that indicated an estuarine influence of St.
Andrew Bay on some stations, possibly affecting recruitment in an unpredict-
able manner. Temperature extremes from winter to summer probably influence
community structyre by dictating reproductive seasons, but the relatively
deep nearshore waters act to dampen rapid changes of water temperature.
None of the physical parameters observed in this study could be considered
stressful or limiting factors for faunal diversity or abundance within
their observed ranges.

The sediments within the study area are very similar alongshore and
at comparable distances from shore. Gorsline (1966) comments on the
strikingly uniform textures of Florida's west coast, but also notes that
there are specific subtle variations in specific parts of the beach. More-
over,. these beach zones are periodically altered in <ponse to surf
conditions. In view of Gorsline's observations, the ‘ferences of grain-
size parameters from 1974~75 to 1979-80 (Tables 9 and 10) could be attri-
buted to small changes of exact sample location. The most notable differ-
ences in sediment composition were among the percentages of silt-clay,
organic carbon, and carbonate. However, due to the extremely low levels
of these three components, the differences cannot be considered biologically
important and could be attributed to sampling and processing variations.
The moderate wave energy of the area, together with the relatively steep-
sloping nearshore zone, has resulted in a surface substrata that is almost
entirely free of silt-clay sized particles and organic detritus.
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3. General Faunal Characterization.

The fauna of the nearshore zone is relatively rich and diverse. The
dramatic difference observed in species numbers and faunal densities between
corresponding samplings of the two studies (see Figs. 9 and 10) is a function
of the normal seasonal variation and not a profound alteration of community
composition. The fauna of the area is well represented by the major inverte-
brate phyla. The following 14 species that were the dominant fauna for )
1974~75 were also well represented or dominant during the present study: the
polychaetes Dispio uncinata, Magelona riojai, Paraonis fulgens, Stolelepis
squamata, Spio pettiboneae; the bivalves Donax texasianus, Ervilia concentrica;
the cumacean Mancocuma sp.; the amphipods Acanthohaustorius n. sp.,
Haustorius n., sp., Protohaustorius n. sp., Pseudohaustorius n. sp.; the
anomuran Emerita talpoida and the cephalochordate Branchiostoma floridae.
Many of the species collected during this and Saloman's (1976) study are new
and not yet described in the literature.

Variations of species numbers and faunal densities at corresponding
stations of the nine transects were observed, but there were no discernible
patterns of distribution. The abundance of dominant species was nearly always
the same at corresponding stations varying only in their relative proportions.

The fauna of the control stations CA and CB generally were not similar
to the borrow sites Bl and B2, The borrow sites exhibited fewer species and
lower faunal densities than the control site, with the exception of November-
December when CA had a lower faunal density (Figs. 9 and 10). Patterns of
species dominance and relative proportions of dominant species were also dif-
ferent (Table 14). Borrow sites seem to be most similar to transect stations
3 and 5. These differences may be attributed to the long-term effects of
dredging (i.e., possible inhibition of recruitment by certain species). It
should be noted that stations CA and CB are not totally acceptable controls
for comparative purposes due to the large spatial separation and the deeper
depths of the control sites (Fig. 1). Also, data from the transect stations
have shown that species composition and faunal densities vary with distance
from shore. Therefore, dredging effects at the borrow sites are unclear.

4. Sediment-Fauna Relationships.

Substratum type is generally considered the most important factor influ-
encing the distribution of benthic organisms (Peterson, 1913, 1915, 1918;
Jones, 1956; Thorson, 1957; Sanders, 1958; McNulty, Work, and Moore, 1962;
Buchanan, 1963; Nichols, 1970; Young and Rhoads, 1971; Johnson, 1971; Bloom,
Simon, and Hunter, 1972; Collard and D'Asaro, 1973; Pearson, 1975; Probert,
1975; Conner and Simon, 1979).

As a result of the moderate wave energy in the study area, the near-
shore sediments experience an almost constant agitation. This agitation
is reflected in the type of fauna inhabiting the substratum, most being
active burrowers or crawlers capable of reentering the sediments quickly
if displaced. There were no species present which require a permanent
attachment site and there were few permanent tube dwellers. There were
no strong statistical corrrelations between the various sediment parameters
(mean grain size, pefcent silt-clay, organic carbon) and faunal parameters
(number of species, faunal density). Physical processes such as wave
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energy and longshore currents are probahly responsible for the distribu-
tional patterns of the nearshore fauna.

5. Comparison of Abiotic and Biotic Parameters Between 1979-80 and 1974-75.

Temperature, salinity, sediment grain-size distribution, organic carbon,
gnd carbonate content showed little variation between 1979-80 and 1974-75.
The boryow sites which were not sampled in 1974-75 showed similarities to
the control stations for these abiotic parameters. Apparently, the borrow
pits initially filled with fine sandy sediments including elevated levels of
silt-clay (Saloman, Naughton, and Taylor, in preparation, 1982). However,
based on current data the borrow pits have returned to a texture comparable
to surrounding areas. Moderate wave action and high longshore transport rates
(Balsillie, 1975) probably account for the rapid filling of the borrow pits.

Although community parameters (namely, species richness, faunal density,
diversity, and equifability) indicate that most of the stations had a
different community composition in 1979-80 than in 1974-75, interpretation
of the data considering seasonal and spatial variations indicates that the
fauna of the area is drawn from a common pool of "available"” species. There-
fore, the changes in community composition encountered in this study cannot
be attributed to beach nourishment activities. Seasonal variations are
known to be significant in most parts of the Gulf of Mexico and adjacent
estuarine waters (Livingston, 1976; Livingston, et al., 1976; Simon, 1977;
Mahadevan, et al., 1977; Culter, et al., 1981).

6. Long-Term Effects of Beach Nourishment.

Based on the data and findings of this study, it is concluded that the
beach nourishment program conducted during 1976 on the Panama City and
adjacent beaches has not manifested any long~term discernible effects on
the benthic infauna or the surface nearshore sediments.

V. SUMMARY AND CONCLUSIONS

A study of benthic macrofauna and sediments was conducted in the near-
shore zone of the area between West Pass and Philips Inlet at Panama City
Beach, Florida, in the northeastern Gulf of Mexico. Samples of surface sedi-
ments and fauna were collected from 28 November to 1 December 1979 and from
19 to 23 May 1980. Forty-seven stations, located on nine east-west transects,
and two dredged borrow sites were sampled.

Temperature, salinity, and dissolved oxygen were measured at each
station and found to vary seasonally. There was very little spatial
variation of these parameters. Temperature ranged from 16.5° to 26.¢°
Celsius; salinity ranged from 29.0 to 35.5 parts per thousand; and dissolved
oxygen ranged from 4.8 to 8.6 parts per million. Substrata within the study
area consisted of fine to medium, coarse quartz sands, with very low levels
of silt-clay, percent organic carbon, and percent carbonate. The abiotic
parameters collected during this study were similar to Saloman's (1976)
measurements. Sediment grain-size parameters were also generally comparable,
with the major differences occurring in percentages of silt-clay, organic
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carbon and carbonate. These differences are attributable to natural
variations as well as sampling and processing variability.

The greatest numbers of species were found in May at the stations
seaward of the second sandbar. Faunal density was, on the average,
greatest during November-December at stations 4 and 5, with all other
stations exhibiting greatest densities during May. The benthic fauna was
well represented by the major invertebrate types with polychaetes,
crustaceans and bivalves being dominant. The most abundant organisms
were generally active burrowing and crawling types. Diversity and
equitability values were lowest at stations influenced by wave action
(stations 1, surf zone; 2, first sandbar; 4, second sandbar) and highest
at stations 3, 5, CA and CB (3, between first and second sandbar; 5, CA
and CB beyond second sandbar). Diversity values ranged from 0.15 to 3.22
with the highes* values generally occurring in November-December.

The fauna and community parameters of the present study were compared
to Saloman's (1976) study. It was determined that the communities of 1979-80
were different from the communities of 1974-75, but that this variation
could be a.tributed to temporal fluctuations.

Borrow sites Bl and B2 were found to have lower species richness and
faunal densities than stations CA and CB for both sampling periods, with
the exception of station CA, which had a lower faunal density in November-
December. The borrow sites also exhibited lower diversity and equitability
than stations CA and CB for both sampling periods. Overall, the borrow
sites seemed to be most similar to transect stations 3 and 5.

The Morisita's index of faunal similarity was used to compare the
station data for the 1979-80 and 1974-75 studies. Only two highly similar
comparisons were found: station 1 for the May 1980 collections and
borrow sites Bl versus B2 for May 1980.

No long~term adverse environmental effects as a result of beach
nourishment could be detected within the nearshore zone of the Panama
City beaches. There were also no adverse or stressful conditions present
at the borrow sites. These conclusions are based on the analysis of benthic
macroinfauna and surface sediment analyses for November-December 1979 and
May 1980 and the comparison of these data to Saloman's (1976) study.
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Table A-l.

Particle-size analysis, percentage composition of one phi

size intervals, for the November-December 1979 collectionms.

PERCENTAGE COMPOSITION

Transects 1~9, Station 1

Particle Phi (@)
Size class Size (mm) Value 1-1 2-1 3~1 4-1 S5-1 6-1 7-1 8~1 9-1
Gravel ~2.0 <=1 3.56 0.03 0.04 0.04 0.05 0.02 9.00 0.13 0.02
Very coarse sand 1.0 [ 2.19 0.20 0.59 0.4 0.90 0.24 0.37 0.54 1.98
Coarse sand 0.5 1 16.45 4.58 10.42 1.1.10 7.69 9.60 19.02 19.60 22.55%
Medium sand 0.25 2 37.89 44.90 54.28 59.57 43.62 54.54 69.67 68.92 60.00
Fine sand 0.125 3 39.57 S50.07 34.47 29.07 47.60 35.48 10.87 10.78 15.37
Very fine sand 0.063 4 0.31 0.20 0.18 0.10 0.13 0.14 0.05 0.03 0.07
Silt-clay ~0.063 >4 0.03 J.03 0.02 0.02 0.0) 0,01 0.01 0.00 0.01
Transects 1-9, Station 2
1-2 2-2 3-2 4-2 5-2 6-2 7-2 8-2 9-2
Gravel ~2.0 <=1 0.06 J.01 0.03 3.00 0.05 0.0 0.00 0.00 0.00
Very coarse sand 1.0 0 0.36 0.13 0.03 0.18 0.38 0.13 0.09 0.10 0.13
Coarse sand 3.5 1 4.64 4.27 0,06 3.09 5.81 1.64 3.17 2.78 1.17
Medium sand J.25% 2 37.18 41.48 32.17 41.48 40.81 34.81 59.22 47.02 37.59
Fine sand 0.125 3 57.45 ©53.89 67.37 55.01 52.33 62.73 37.44 49.B8 60.62
Very fine sand 0.063 4 9.30 3.21 0.34 0.23 0.60 0.63 0.08 0.21 0.4¢2
Silt-clay ~0.063 >4 0.02 0.01 0.02 0.01 3.01 0.03 0.00 0.00 Q.00
Transects 1-3, Station 3
1-3 2-3 3-3 4-3 5-3 6-3 7-3 8-3 9-3
Gravel ~2.0 <=1 0.19 Q.01 9.28 0.01 0.10 0.00 0.01 0.08 0.11
Very coarse sand 1.0 o} 0.72 0.12 0.34 0.06 0.33 0.03 Q.41 1.71 0.22
Coarse sand 0.5 1 6.85 1.23 3.30 1.17 4.21 0.51 7.30 15.26 1.68
Medium sand 0.25 2 26.96 29.28 26.51 14.88 25.86 14.12 47.56 46.77 28.16
Fine sand 0.125 3 64.36 68.65 68.54 8l.42 68.41 84.65 44.41 35.99 68.86
Very fine sand 0.063 4 0.92 0.70 1.02 2.46 1.06 0.68 0.28 0.16 0.96
Silt-clay <0.063 ~ 4 <0.01 0.01 0.303 0.00 0.01 0.01 0.03 0.02 0.01
Transects 1-9, Station 4
1-4 2-4 3-4 4-4 5-4 6-4 7-4 8-4 9-4
Gravel >2.0 -1 0.04 0.02 0.14 0.00 0.01 0.00 0.00 0.22 0.00
Very coarse sand 1.9 - 0.09 0.27 0.14 0.03 0.33 0.10 J.54 Q.36 0.21
Coarse sand 0.5 1 0 46 4.42 2.86 0.49 5.27 .63 4.90 $.35 1.83
Medium sand 0.25 2 .24 26.55 21.82 6.11 22.99 6.18 31.61 32.52 21.45
Fine sand 0.12% 3 29.73 67,55 72.78 90.46 70.32 930.2%5 56.82 60.93 75.23
Very fine sand 0.063 4 3.32 1.44 2.8 2.90 1.07 2.82 6.10 0.59 1.26
Sile-clay ~0.063 -4 0.02 0.00 0.02 0.01 2.01 0.01 0.04 0.03 0.01
Transects 1-9, Station 5
1-3 2~5 3-5 4-5 5-5 6=-95 7-5 8-5 3-5
Gravel >2.0 <=1 0.18 0.04 0.00 0.01 0.03 0.03 0.00 0.04 0.05
Very coarse sand 1.0 0 0.80 0.17 0.21 0.46 Q.21 1.00 0.84 0.27 0.17
Coarse sand 0.5 1 3.93  4.67 1.99  4.74 1.73  6.48  2.52 1.41 0.80
Medium sand Q.25 2 18.21 25,98 17.72 22.92 14.81 12.31 10.68 15.75 8.23
Fine sand 0.125 3 75.%2 67.44 78.14 70.72 78.72 75.67 80.94 79.80 83.71
Very fine sand Q.063 4 1.35 1.70 1.92 1.13 4.49 4.48 5.00 2.69 6.98
Silt-clay <0.063 > 4 <0.01 <0.01 0.01 0.01 0.01 0.03 0.03 0.04 0.05
Control Sites Borrow Sites
A B 1 2
Gravel >2.0 «=1 <0.01 0.05 0.00 0.04
Very coarse sand 1.0 Q 0.66 0.80 0.03 0.81
Coarse sand 0.5 1 4.29 5.53 0.64 B.56
Medium sand 0.25 2 16.85 22,29 5.42 26.04
Fine sand 0.125 3 72.33 66.47 87.85 62.58
Very fine sand 0.063 q 5.64 4.80 6.02 1.9¢
Silt-clay 0.063 ~ 4 0.22 0.06 0.03 0.01
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Table A-2. Particle-size analysis, percentage composition of one phi
size intervals, for the May 1980 collections.

-t PERCENTAGE COMPOSITION
Transects 1-9, Station 1
Particle Phi (@)
Size Class Size (mm) Value 1-1 2-1 3-1 4-1 5-1 6-1 7-1 8-1 9-1
Gravel 2.0 <=1 0.37 0.00 <0.01 0.00 0.00 0.00 0.01 0.00 0.00
,Very coase sand 1.0 0 0.89 0.03 0.01 ©.03 0.21 0.03 0.36 0.15 0.03
Coarse sand 0.5 1 15.08 0.%4 0.89 2.11 0.98 2.86 16.31 17.37 1.90
Medium sand 0.25 2 44.26 27.38 64.62 70.97 57.61 63.02 69.33 70.85 67.72
Fine sand 0.125 3 39.33 T1.17 34.43 26.85 41.13 34.00 13.96 11.60 30.29
Very fine sand 0.063 4 0.06 0.46 0.05 0.03 0.07 0.08 0.02 0.02 0.08
Silt-clay <0.063 >4 <0.01 0.01 0.01 0.00 <0.01 0.01 <0.01 0.01 0.01
Transects 1-9, Station 2
1-2 2-2 3-2 4-2 5-2 6-2 -2 8-2 9-2
Gravel ~2.0 -1 9.10 0.00 0.08 0.02 0,03 0.01 0.00 <0.01 0.00
Very coarse sand 1.0 0 0.57 0.16 0.23 Q.04 Q.05 9.23 3.04 0.04 0.09
Coarse sand 0.5 1 7.06 1.69 2.60 0.90 1,70 2.33 1.04 c.80 1.11
Medium sand 0.25 2 34.49 19,09 28.60 22.68 30.40 29.42 35.80 25.91 42.08
Fine sand 0.125 3 57.35 78.59 &8.02 75.30 67.26 €7.24 62.71 72.55 56.3%
Very fine sand Q.063 L) Q.42 0.44 9.47 1.04 .54 0.76 0.41 0.69 0.29
Silt-clay ~0.063 ~ 4 2.01 J.28 Q.00 0.02 <0.01 0.01 <0.01 <0.01 J.08
Transects 1-9, Station 3
1-3 -3 3-3 4~-3 5-3 6-3 7-3 8~-3 9-3
Gravel ~2.0 <=1 ~0.01 0.04 <0.01 0.00 0.01 0.31 0.00 0.38 0.01
Very coarse sand 1.0 0 0.04 9.42 0.07 0.03 0.1 J9.18 0.06 0.60 0.09
Joarse sand V.5 1 0.493 2.50 .30 0.89 9.37 1.55 0.91 4.69 1.63
Medium sand 0.25 2 $.44 36.70 11.24 26.47 27.46 30.47 20.09 36.88 28.43
Fine sand 0.125 3 21.23 59.93 87.00 71.98 71.69 66.71 76.74 56.59 68.99
Very fine sand 0.063 4 2.85 2.40 1.37 0.63 0.47 0.77 2.18 0.77 0.85
31lt-clay ~0.063 >4 0.01 <0.01 0.0l 0.01 0.00 0.01 0.02 0.09 0.01
Transects 1-9, Station 4
1-4 2-4 3-4 4-4 5-4 6-4 7-4 8-4 9-4
Gravel >2.0 <=1 0.25 0.00 0.00 0.00 0.00 .00 0.02 0.02 0.00
Very coarse sand 1.0 g J.56 0.38 0.12 0.02 0.06 0.17 0.61 0.31 0.50
Coarse sand 0.5 1 2.49 6.39 0.91 0.77 1.30 2.24 6.05 4.59 7.41
Medium sand 0.25 2 12.59 23.73 7.70 6.52 19.10 13.46 33.41 41.38 34.78
Fine sand 0.125 3 82.21 66.29 86.67 89.23 77,71 80.63 59.40 52.66 56.46
Verv fine sand 0.063 4 1.90 2.61 4.60 3.45 1.83 3.49 0.50 1.05 0.84
Silt-clay <0.063 ~ 4 J.01 3.01 0.01 0.01 0,01 0.00 0.01 0.01 0.01
Transects 1-9, Station S
1-5 =5 3-5 4-5 5-6 6-5 7-5 8-5 -5
Sravel ~2.0 <=1 0.01 0.07 0.07 0.00 0.00 0.00 0.00 <0.01 -0.01
Very coarse sand 1.0 Q d.22 0.45 C 34 1.16 0.17 0.2 0.04 0.34 0.18
Coarse sand 0.5 1 1.24 3.18 1.65 15.40 2.15 2.40 0.94 2.65 2.40
Medium sand c.25 2 12.72 28.00 .09 27.37 14.65 20.96 10.97 32.49 19.57
Fine sand 0.125 3 81.83 67.26 85.77 55.44 81.48 75.18 85.19 63.60 75.21
Very fine sand 0.063 4 3.98 1,04 3.07 0.62 1.54 1.23 2.82 0.90 2.60
Silt-clay 0.063 > 4 g.01 0.901 0.02 0.01 ~0.01 <0.01 0.05 0.01 0.02
Control Sites Borrow Sites
A B 1 2
Gravel ~2.0 <=1 0.02 0,02 0.00 Q9,00
Very coarse sand 1.0 0 1.36 0.63 0.20 0.1)
Coarse sand 2.5 1 8.93 5.26 1.06 1.67
Mediuwn sand 0.25 2 13.13 21.17 15.89 14.23
Fine sand 0.125 3 71.43 65.44 81.17 81.89
Very fine sand 0.063 4 S.11 7.41 1.66 2,09
Silt-clay ~0.063 v 4 J.03 c.07 0.0} 0.01
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Table B-1. Composite species list and faunal counts for the November-
December 1979 sampling.

Station 1 2 3
Irensact 1 2 31 4 S5 6 7 ¥ 3 1 273y 75 & 7 & 5 1

Ir
wi
&

i
o
|
|
o

ies
CNIDARIA
RYDROZOA
Hydroid sp. 1 1
HOZOA N

Anthenaria sp. 1
Anemons ¥p. 1 1
CHAETOGNATHA
Unidentified sp. 13 t 1 2 1
PLATYHELMINTHES
Turbellaria spp. L] 1 1 i 3 1
NEMEATINEA
Unidentified spp. 1 4 3 1 1 y o2 1 2 1 1 4 1 ]
NEMATODA
Unidentified spp. n 7 T 4 6 13 20 3
CASTROTRICRA
Unidentified sp. 5
STPUNCULIDA -
S1punculus longipapillosus
ANNELIDA
OLICOCHAETA 3
Unidentified spp. .
POLYCHAETA
APOPriIOnOSPIO pygmaea 1
Archiannelidas sp. 1 2 1 1
Aricidea fragilis H A
Armandie agilis v
Armandia meculace ¥y s 1
Brania clavaca 8
8rania welifleetensis “
Dispio uncinata ' 4 6 3 2 1 5
Drilonereis sp. A
viycerd amwricana
Glycinde solitar:a
Lumbrineris pervapadata
MNagelons riojai
MNelinns maculata
Ninuspio cirrifera
Nephtys bucera 1 1
Nephtys picta 1
Nereis succinea 1
Nereis sp.
Onuphis e. oculata 6 ! R
Ophaire sp. 1
Paraonis fulgens 1 1 1 PLANS ' ] S 12 1 10 11 30 16 15 23 T 86 B4 10 26
Phyllodoce arenae
Polynoidea sp. A 1
Prionospro criscata
Scolelepis squamsta 156 81 8 2 9 l4 15 3 1 12 2 1 e 1 4 H 6 4 1 '
Scaoloplos foliosus 2 H 2 3 }y & 2 N } '
Scoloplos robustus 1 1
Sigambra bassi
Spio pettiboneae 6 7
Spionid sp. A
Spirophanes bombyx 1 ] 1205 1
Polvcheeta sp. A 3 7
Polycha sp. C 3
Polychaets sp. D 1 .
Polychaeta sp. F '
MOLLUSCA '
1IASTROPODA B
Anachis pulchella
Arene tricarinata 1 !
Caecum 8p.
Cycloscremiscus sp. 1 .
Cylichnella bidentata * 1]
Nassarius acutus
Natica pusilis 1 1 1
dltva sp.
Olivells dealdata
Olivella mutica FO ] 1 1
Teredra ssllesna 2
Tonnidae sp.
Gastropoda sp. C
BIVALVIA
Cuna dalli IS 1 L} 2 T 2
Dinocardium robustum
- Peripioms inequale
Strigilla sp. 1
Tellina versicolor
Ponaz cexasianus 2 2 1 2 12 1 ¢ 10 12 13 ¢ 1 20 5 1 1 1 1

~
©
-
-
o
>
-
-
-
o

L)
o
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Table B-1.

Composite species list and faunal counts for the November-
December 1979 sampling.--Continued

1

I STATION

£ 3 3

5 6 v 8 5 F§1 2 3

4

2
5

[

Xrvilia concentrica
Lepton sp.
cine muitilineata
vacrocslliste nimbosa
Pitar simpsoni
Teiline sp.
serigilla miradslss
Veneridae .
SRTHROPUDA
VRUSTACEA
COPEPUDA
Unidentified spp.
CUMACEA
Cyclaspis verians
Nancocums $p.
Jxyurostylis smichi
Unidenctifled sp. A
'S TRACODA
Haplocytharida setipunctata
Sersiella sp.
tUntdeattfsed 20. A
Unidentified sp. B
T1SOPUDA
Anc :nus depressus
“hiridotea excavata
AMPH § PUDA
Acanthohaustolius sp.
daustorius n. sp.
Hiperiidea sp.
Nonovulodes nyei
Yonovuiodes 3ip.
Parahaustorius u. spp.
Platyischnopus sp.
Protohaustorius n. sp.
Preudohaustorius n. sp.
PSeudopidty1SCAROPUS N. spp.
PENAEIDEA
licifer faxoni
< ARIDEA
Jgyrides aipheerostris
Processa hemphilli
Processa sp.
ANUMURA
Albunea peretii
Emerita benedicta
Emerita taiporde
lapidopa benedicc:
Paguridae {juv.)
Pagurus longicarpus
Pagurus sp.
BRACHYURA
Dissodactylus meilitae
Jvalipes floridanus
Jvaiipes ocellatus
Persephona meditereanea
Pinnixe chacei
Pinnixa cristaca
Pinnixa retinens
Pinnixa $p.
Pinnotheridae sp.
Xanthidae sp.
MYSIDACEA
Anchisiine typica
Sowmaniella brasiliensis
Sowmeniells floridana
Bowmaniella spp.
MNetamysidopaixs swire:
Mysid sp.
Mysidopsis bahia
Mysidopsis bigelows
Mysidopsis sp. {juv.)
ECHiNODERMATA
ECHINOIDEA
Nellita quinguiesperfcrata
HOLOTHUROIDEA
Unidentified sp. A
UPHIUROIDEA
Ophiophragmus wurdemeni
CEPHAL CHORDATA
Brenchiostoms floridae

30 9 W

10

)8

14

Total Sumber of Individuals

Total thmber of Spucies

175 105 5% 1!

8 & 12

Iy by e 19 87

8 8 o 7 8

62 61
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Table B-1. Composite species list and faunal counts for the
November-December 1979 sampling.--Continued

Station A b3 ol Trow Sit
Spucias l"l’ll\l.c( 1 Ty 3 S &6 - L) 1 N 1) - 5 & L] ch co S &
CNIDARIA
HYDROZOA
Hydroid sp.
ZOA

Athenaria sp.

Unidencified sp. -
PLATYHELMINTHES
Turbellaria sp. 1 1
NEMERTINEA . . )
Unidencified sp ) T TR R .o [ S R
NENATNOA N
Unideatifted sp. ) 1 ] s 1 N 12 s 3 ~ 39
GASTROTRICHA
Unidentified sp.
SIPINCULIDA
punculus longapapiliosus 1
" AN

e HAETA
Unidentilied »p. : : T I TR T PRRSY:
PULYCHAETA
APOPLIVNOSPLY pyysaca 3 ’ § < i
Archienoelida sp. 1
Aticidea fragilis
Armandis a9:lis 1
Armandia saculavs + 1 H < 1 1
Srania ciavacta
Brania wellfldwcens:s 3
Dispio uncinats o1 5 N N 5 3 N 11 v - s 13 1 3 .
Drilonereis sp. A 1
Cigtera amearicane 1
vlycinde Solitaria b 3
Lumbrinerls parvapadacs i 1
Mageiona riojyai 3 “ ° N 1 1 - 1 1 3 [} 2
Neiinne maculata !
Minuspio virrifera i i
Nephtys bducera i
Nephtys picta B i 1 1 1 1 1 1 1 1
Nereis sucCinea
Nereis sp. 1 1 1 2 2
Inuphis e. oculats i 13 2 1 1
Ophetia sp.
Paraonis fulgens 6 10 & 102 15 112 8 250 lv 1115 e 18 1) 62 42 1N 7N 3 16 91
Phyllodoce arense N
Polvaotdea sp. A 1 12
Prionospio cristata 1 t 3
Scolelep:s squamats 3 ) ] 1 1
3coloplos foliosus 1 T2 1 s 1 2 2
Scoloplos tobuscus
Sigambra bassi i
Spio petcibonese H 412 132 1
Spionid sp. A
3prophanes bombys 11 1 H 1 212 ®
Polvchaeta 3p. A 13 1 3 4 1
Polychaeta sp. C
Polychaeca sp. D
Polvchawts sp. F 1
MOLLESCA
ASTROPODA
Anachis pulchells 1
Arens tricArinaca
clecum sp. 1
Jyclosctremiscus sp.
“ylichneli4 bidencata L
Yassarius Acutus
Natice pusiila 1 1 z 1 1 1 1 2 < 2 2 2
Java sp. N 3
Vlivella Jealdats i ¢ 1 i
Jisvells mucice i < 1 s :
Terebra salleans Sl
Toanidae 3p. 1
vdgtropoda sp. C 1
BIVALVIA
Juna Jalii 1 2 i 1
Jinocardium robustum 1
Periplome inequaie i
serigslla sp.
Tellina versicolor ! : !
Donex texesianus t

RPN

[,

LY

Copy available to DTIC does not
pexmit fully legible reproduction




Table B-1.

November ~December 1979 sampling.--Continued

Composite species list and faunal counts for the

AR

v

| SoSCISS

STATION
e

()
1.3 & 55— ¢ 7 8 9

i

i)

]
4 5 6 7 8 9

Srvilie comceatrica

Lopton op.

lucine multilineata
Recrocallists nimboss
Mitar simpeony
Tollina op.
strigilia mirebilss
Veoaridas sp.

THROPODA
CRUSTACRA

COPEPODA
Unidencified spp.

Cyclaspis varisns
Nancocums 9.
Ouyurostylis smaehi
Unidentified sp. A
OSTRACODA
1da seti
Sarsiella op.
Unidentified sp. A
Unidentified sp. §
1SSPO0A
Anciaus depressus
Chiridotes eacevets
ANPRIPODA
ACARCASROUSELTIUS 3P .
Naustorius n. sp.
Hyperiides sp.
Nomoculodes nyei
Nomoculiodes up.
Parahdustoriug n. spp.
Platyischnopus ep.
PrOCONSUSLOSIuS 0. 8P -
Pooudohsustorius o. Sp.
Poeudoplaty ANOPuS 0. EpP.
PEMARIDEIA
Lucsfer te-omy
CARIDEA
Ogysid . aiphaeroseris
Processs hemphilli
Processs sp.
ANNOIRA
Aldunes paretii
Smerita benediccs
Smprite talporda
Lapadops benedicts
Paguridas (juv.)
Pagurus loogicarpus
Pagurus ap.
SRACHYURA

Digssodaceylus meilitae
Ovalipes floxridanus
Ovalipes ocellatus
Persephons sedicereanss
Pinns chacel
Pinniza cristeta
Pinniza retinens
Pianixe sp.
Pinnocharidae sp.
Xanthidae sp.
MYSIDACEA
Anchisline typice
Sowmaniella brasiliensis
Sowmaniells floridans
Bovmanislla spp.
Netamysidopeirs swift:r
Hysid sp.
Nysidopeis behia
Nysidopeis bigelows
Nysidopsis sp. (juv.)
INODERMATA
ECHINOIDEA
Nellita guinquiesperforata
IDEA

Unidencified sp. A
OPHIUROLIDEA
Ophiophraguus wurdemani

CEPHALOCHORDATA

Sranchiosroms floridae

0
59

4 17 3 3w 9 15

4 21 17 12 e 8 i
28 20 2 10

-

-

"

Total Musber of Tndividuals

Total Musber of Species

118 108 93 166 106 192 71 07

15

20 1 23 19 13 19 20

p4d

1%

4 48

0 17

63 410 202 142 181 125

12 22 09 21 26 20

88 269

3
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Table B-2.

Composite species list and faunal counts
1980 sampling.

for the May

Stacion

Spectes Jcanseck

[CNTDARTA
HYDROZOA
Hydrotid sp. ¢
CHAETOGNATHA
Unidencified 3p.
PLATYHELMINTHES
Seylochus sp.
NEMERTINEA
Unidentrified spp.
NEMATUDA
Unidentified spp.
BRYOZOA
Unidentified sp.
PHORUNIDA
Phoronis architecca
GLIGOCRAETA
Unidentified spp.
POLYCHAETA
ApOprionospio pygmaes
Armandia maculata
Brania wellfleatensis
Capitells capitata
Cavllerieila sp.
013p10 wnineta
Eteone 'wteropoda
Eteone lectea
Glycera ampricana
Glycinde solitaria
Nagelons rio)a:
Minuspio virrirera
Nyriochele oculacta
Nepatyidae sp. (juv.)
. Nephtys bucera
Nephtys picca
Nerals ip
Jnuphis eremita oculata
Paraprionospio pinnata
Paraonis fulyens
Pectinaria gouldii
Phyildoce arenae
Pisca palmita
Polydora tign)
Polynoidea sp. A
Polynoidea sp. B
Prionospio cristate
Protodorviiied sp.
scolelepis squamata
scaiogios roliosus
scoloplos robustus
scoloplos rubra
Sigambra bassi
5p10 pettiboneas
3piophanes dombyx
Polychawta sp. G
(MULLL SCA
UASTROPODA
Acteonsdae 3p. (juv.)
Jylichneila bidentace
Mitrells lunacte
NasSarius acutus
Natica pusiila
Odoscominae 8p.
Jliva sayans
Jliva 2P,
Jivella dea.bata
iveila mutica
Polinices duplicatus
Terabre disiocaca
feredra salleans
Gastropoda 3p. (juv.
Nudtdraach sp. {juv.)
BIVALVIA
Cuna Jalis
Dones texasianus
Ervilia concentrica
Lepton sp.
ucina wulcilineacs
Musculus $p.
Pitar simpson:
Solenidse sp.
Telline versicolor

389 02 Y 296 172 M1

1

~

27 6 10 10 e 8 30 12

1
2 1
)3
1

k] 3 1 2 1

1 1
2 23

1




Table B-2. Composite species list and faunal counts for the May

1980 sampling.--Continued

PEC I

Tellina sp. {(juv.)
Veneridae sp.

ARTHROPODA
CRUSTACEA
COPEPODA

Unidencified spp.

CUMACEA

Vyciaspis varians
Nancocume sSp.
Cumacea sp. A
Cumacea sp. &
Cumacea sp. O
Cumacea sp. (frag.)

OSTRACODA

Naplocytherida setipunctatas

1SOPODA

Ancinus Jdepressus
vhiridotea wxcavacs
{anLropsis sp.
ldo:ea »p.
Iduceidae sp.

AMPULPODA

MY

ACRnCAORIUSEITIUS Ip.
Ampelisca ap. B
Haustoridde sp. \juv.)
NYaustorius n. sp.

Lembos cf. webster:
Listriella vr. barpard:
Sonoculodes nyei
Monoculodes sp.
Paraheustorius n. >p.
Protohaustorius a. sp.
Pseudohaustorius n. sp.
Pseudopiatyischnopus n. spp.
SIDACEA

Sowmanieiia portoricensis
Sowmsnieila spp.
Setamysidopsis swifcl
ysidopsis sp.

Mysidaces sp.

PENAELUEA

lucifer raxoni

CARIDEA

Carided »p.
Ogyrides alpharostris
Processs hemph;lly

MACRURA

Catlianassa sp.

ANOMURA

Albunea pareti;

Emaritas Denedict:
Ewmerita calpoida
Lepidops benedict.
Paguridae sp.

Pagurus [ongicarpus
Pagurus ip.

Sertgiils micadilis (juv.
AnOmuTa 8P, (Juv.)

BRACHYURA

Dissodactylus mellitae
wvalipes rloridanus
Pinnixa chaces

Pinnixa chaetopterana
Pinnixa Sristats
Pinnixa retinens
Pinnixa 3p,
Pinnotheridae sp. (juv.)
Portunidae (juv.)

STOMATOPODA

VOronis sxcavarrix

ECHINODERMATA
ECHINOIDEA

Nellits quinguiespertorata

CEPHALOCHORDATA

8ranchiostoms floridae

-
-

Total Nusber of Individusls
Tutal Number of Species

78 96 288 205 312 95

$S 117 121 53 89 107 106 62 176
14 12 17 16 17 te 17 11 1%
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Table B-2. Composite species list and faunal counts for the May

1980 sampling.--Continued

Js:ulm\ 4 5
Transect 11 3 3V v % e 7 B g | 33 i 5 e -

ontrols Borrow Sites
[N Y

Unidencified sp. 1
PLATYRELNINTRES
3¢ lochus sp.
NEMERTINEA
Unidentified spp. 3 t M 1 1 PR 1 3 3 5
NEMATODA
Unidentitied spp. 1 s 19
BRYOZOA
Unidentified 9p. !
PHORONTDA
Phoronis architects
OLIGOCHAETA
Unidentified spp. 1 1 M o N
POLYCHAETA
APOPrIONISPIC Pygmacs
Armandia maculats
Srania weilflewtans:s
Capitella cepitaca
Caullerieila ip.
D13p10 uncinaca
Eteone hateropods
Efraone lictes
wlycera ammricana
Slycinde soliteria -
Nagelona r:d)81
Minuspio cirrifera
Myriochele oculata B
Nephtyidee sp. (Juv.) i
Nephtys bucera
Nephtys picta
Nereis sp.
Onuphis eremita oCulsta
Paraprionoepro pinnata
Parsonis fulgens
Pectinaria goulds:
Phylldoce arenas
Pisca palmate
Poiydore i-gni
Polynoides sp. A
Polvavides sp. 8
Prionospio Sristata
Protodorvilies sp. i
eleiep:s squamata 1 N 1 “ 1
Scoloplos rol:osus bl 1 1 1
scoloplos robustus !
scoloplos rubta
Sigambras bassi
Spio pecciboness )
3piophanes bombyx i 4 1 1 ! PR 9 1 N Y
P lvineeCs sp. -
LI SCA
ASTRUPIOA
ALteonidae P tjuv ) !
Lys.oNneiia Bidencats
“rrei.a iunats
vensarius ecutus
VoL, 4 pus...4 3
Xooatominge e
live sayona 1
1ive 3P
2 dee.Dats 1
nutila N 1

EN
..M Qap.i 2t
eredry J.is.xacs
feredrs sa.iesns
a8t Dole WP s ey
WEIBIAN 1L %0 ey

sivaLaty
~sna J8iss !
23nas sanus 1 i N
LIVi.i@ SORCENCIic 4
lepton sp. 1 i
ucina multt.ineatd
Wuscuius sp
Picar simpson
Jalensdae sp.
Telline versicoior 1 1 H .
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Table B-2. Composite specles list and faunal counts for the May
1980 sampling.--Continued

] Station L3 b] 3orrov Sites

Transect 12 ) &4 T %877 %% I 273 & 576 7 8 3§ CA CB 31 B2
3

Species

Telllna wp. (Juv.)
Venertidae sp. t ] } 1 1
ARTHROPODA
CRUSTACEA
COPEPODA
Unidentified spp. f
CUMACEA
Cyciespis variens 3 3 4
Rancocuma sp. 1
Cumsces ap. A 1
Cumscea 2p. 8 1 1 2 4 1 M 1
Cusscea sp. D
Cumaces sp. (frag.) 1
OSTRACODA
Naplocytherida set:purctata 2 1
1SOPOOA
Ancinus depressus 1
vhiridotes excavata 3 9 | B PR [ B A
lanizopsis sp.
rdotes sp.
ldoteidae sp.
ANPHIPUDA
ACANCRONAUSEDE 1US 2p. 2 4 B 1Y e 9 7 8 5 12 s
Ampelisca sp. B
Haustoridaw 2p. \juv.} 2
NaUSTOFius 0. 3p.
Lembos cf. webster: 1
Listzielia cf. barnard:s 1 1

PArShauStoriug n. »p. 1
ProtohauNtorius n. sp. 16
Pseudohaustorius n. sp. I
Peaudopletyischnopus n. spp. 1
NYSIDACEA
Sowmenieila poctoriensis 1
Sovmanseila spp. L2 o 1 ! Lot t
NECAMYEILOPRLS SNILLS
wysidopsis sp.
Nysidacea 3p. -
PENAEIDEA
Lucifer faxoni 1
CARIDEA
Caridea sp.
Jgycides aipharoscris 1 1 1 1 i H ¥ 1 1 1
Processs hesphilli
HACRURA
Callianassa sp. 1 b 1 1 1 ? - 1 1
ANOMURA
Albunes pareti: i
Emerica benedicer
Emsrita talpoida
lepidopa benedicc: 3 2
Paguridae sp. 1 1 3
Pagurus ilongicarpus 1 1 1 1
Pagurus sp. 1 3 b i
serigalla miradilis tjuv.) 12 1 4
Anowura sp. (juv.} 1 H
BRACHYURA
Dissodactylus meilicae i i2 1 - 3
Jval:pes rloridenus I
Pinnixa checes 3 1 1
Pinpixa chaetoptersns 1
2inm “Tistaca
finn: recinens g
Pinnixa sp. 1 f
Pinnotheridae xp. (juv.) 3oz oy 1 2 3 9 2 4 2 12 1 5
Porzunidae (juv.) i {
STOMATOPODA
Coronis escavatrix 1
ECHINODERMATA
ECHINOIDEA
¥ellita quinquiesperforats 3 3 5 1 « 5 121
CEPHALOCHORDATA
#ranchioscoms floridae ¢ P 1 1

33 1o

—-~ -~
o -
o -,

«
~
-
.
D
@
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o

Total Nusber of Individuals 93 132 100 82 69 80 35 96 109 §107 138 137 71 116 & 96 6F L21 | 135 284 69 S7
Tuzal Number of Specien 23 22 20 13 14 15 & L6 17 27 32 19 17 2 12 % W1 20 33 43 15
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Table C-1. Comparison of the species and number of )
individuals collected at the nine tran- i
sects of station 1 between November 1974 i
and November-December 1979. ;
1974 1979
Species Number Collected Number Collected

CNIDARIA !
HYDROZOA
Unidentified sp. - 1
ANTHOZOA
Unidentified sp. -

[

CHAETOGNATHA
Unidentified sp. 1

(=)

PLATYHELMINTHES ;
Unidentified spp. - 12 1

NEMERTINEA
Unidentified spp. - 8

NEMATODA
Unidentified spp. - 77 4

GASTROTRICHA
Unidentified sp. - 5

ANNELIDA

OLIGOCHAETA
Unidentified spp. - 17

POLYCHAETA
Nereis succinea - 1
Paraonis fulgens 3 3
Scolelepis squamata - 290
Unidentified sp. D -- 1

BIVALVIA
Cuna dalli ——
Donax texasianus 56
Lepton sp. -
Strigilla sp. -
Tellina sp. -
Unidentified sp. A -
Veneridae -

MOLLUSCA : i
E

—

= OO

ARTHROPODA
CRUSTACEA
CUMACEA
Mancocuma sp. -
Oxyurostylis smithi - 2
AMPHIPODA
Hyperiidae sp. -
Haustorius n. sp. 24
Moncculodes sp. -
ANOMURA
Emerita talpoida 3 39
Lepidopa benedicti —— 1
MYSIDACEA
Mysidopsis bahia - 31

—

-0 o

Total Number of Individuals 87 525
Total Number of Species 5 27
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Table C-2. Comparison of the species and number of
individuals collected at the nine tran-
sects of station 2 between November 1974
and November-December 1979.
1974 1979
Species Number Collected Number Collected
CNIDARIA
HYDROZOA
Unidentified sp. - 1
CHAETOGNATHA
Unidentified sp. - 4
NEMERTINEA
Unidentifi:d spp. 3 8
NEMATODA
Unidentified spp. - 10
ANNELIDA
OLIGOCHAETA
Unidentified spp. - 36
POLYCHAETA
Nephtys bucera - 2
Paraonis fulgens 8 112
Scolelepis squamata - 18
Scoloplos robustua ~- 2
ARCHIANNELIDA
Unidentified sp. - 3
MOLLUSCA
BIVALVIA
Donax texasianus 135 70
Veneridae cf. gouldia - 2
GASTROPODA
Cyclostremiscus - 1
Unidentified sp. A - 1
ARTHROPODA
CRUSTACEA
CUMACEA
Mancocuma sp. - 18
ISQPODA
Ancinus depressus - 4
AMPHIPODA
Haustorius n. sp. 48 50
Hyperiidea sp. - 1
Monoculodes cf. niger -- 6
Parahaustorius n. spp. -— 14
PENAEIDEA
Lucifer faxoni - 1
ANOMURA
Emerita talpoida 2 2
Lepidopa benedicti -— 2
BRACHYURA
Pinnixa retinens - 22
Pinnixa sp. - 2
MYSIDACEA
Bowmaniella spp. - 51
Mysidopsis sp. - 1
COPEPODA
Unidentified sp. - 1
ECHINODERMATA
ECHINOIDEA
Nellita quinquiesperforata -~ 2
CEPHALOCHORDATA
Branchiostoma floridae 1 1
Total Number of Individuals 197 448
Total Number of Species 6 30




Table C-3.

Comparison of the species and number of individuals
collected at the nine transects of station 3 between

November 1974 and November-December 1979.

L

3 1976 1979 1974 1919
_Specivs Number Cullecied Number Collected Specien Mumbes Collecied Nusbor Eobles fed
CNIDARIA CRUSTACEA
ANTWOZOA OSTRALOUA
Athendria ap. .- ] Unideutitied 2p. A -- 2
UUMACEA
TURBELLARIA Cyvlaspis varians - t
Untdent st i app. - ] Ualdeutitied sp. A - 1
130P00A
! NEMERT INEA Ancinus Jeptessus [ 3
i Unident it ied spp. 4 F] Chiridotea excavata ] 3
' AMPHIPODA
t NEMATODA Acanthoheustorius sp. 451 (13}
Untdeatified spp. - } 1Y Havstorius o, sp. .
Hyperiides sp. - ?
ULIGUCHAETA Nonoculodes nyes - 19
Unidentified spp. -- 1 Ronoculodes sp. ] F
Parsheustorius o, spp. 5 1
PULYUNAETA Protohdustorius n. s 68 33
APOPriunuspio pyjmaca -- ] Preudohaustorius n. sp. 185 il
Archisnnelida sp. - 2 Pyeudoplatyischnopus n. spp. 1 Y
Aricidea fragilis - 1 Synchalidium ep. 10 --
Atmendia maculate - 9 MYSIDACEA
Branie clavata .- 12 Aowvmanielia brastliensis -- 3
Brania welllleetensas -- 4 Sowvmanielle spp. .- 1S
Dispio uncinata - 26 Mvtamysidopsis swifel -- )
Magelona riayai | Fo LARIDEA
Nephtys picta - 1 Ugyrides olphaerostris 5 ]
Onuphis «. oculeats - 8 Processa wp. .- 1
Ophelia sp. 2 1 ANOHURA
Paraonis fulguns n FL1i Emerite bevnwdictl 1 .
Polynotdea sp. A - 1 Leprdops benedict: - 2
Prionospio cristata 2 N BRACHYURA
Scoleleprs squamsta - 13 fissodactyius mellitae - 1
Scoloplos toliosus -- 13 Ovalipes floridanus - 1
Spio peteibonede .- 13 Pinnixa chac - 8
Spiophanes buabyx - 24 Pinnmixa criscacas - 1
Syllides setosa 5 - Pinnixa retinens - 6
Polychaete up. A -- 10 Finnixe sp. -= 7
Polycheete up. C -- ' Pianotheridae sp. - ]
- S1PUNCULIDA
wu&fz;:urwn Sipunculus longipapi!losus 19
Nacica pusiila - 3 ECHINOUERMATA
Ol1va sayana 1 -- OPHIURCTUEA
Olivella muticae .- 5 Amphipholis squamats 3
Terebra sallvans -~ 2 Unident ified sp. A i -
BIVALVIA Untdenttled sp. B 3 -
Chione gros \ .- ECHINOIDEA
Cuna dalla 4 2 Nellite quinquiespwrtorata 12 21
Donax texasianus 21 4 HOLOTHUROLDEA
Ervelia concentriva 712 \ Unidentified wp. (Juv.) t -
Lepton wp. -- 1
Lucind multilinedta -- 1 HEMICHURDATA
Nacrocellista nimbosa - 1 Unideattfted sp. (Juv.) [Y
Pitar simpson: 2 3
Tellina sp. (juv.) 2 - CEAFHALUCHORDATA
Veneridue ap. -~ 16 Branchiostoma tlortdae 196 3
Total Number of Individuale 1,123 "
Total Number uf Species 3] (1)
Lable to DTIC does not
H .
gvailab’ duction
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Table C-4.

Comparison of the species and number of individuals
collected at the nine transects of station 4 between
November 1974 and November-December 1979.

Spec

1974
Susber Collscted

1979
Husber Collucted)

NEMERTINEA
Unidentificd spp.

MENATUDA
Unidentifind spp.

ANMEL 10A

OLIGOCIAETA
Uniduntified wpp.

PULYCHAETA
Armendia maculata
Brania clavata
Dispio uncinats
Prilonereis sp.
Gyptis victata
Magelona rioja:
Minuspio cirrifera
Nephtys picta
Nereis »p.
Ophelia sp.
Paraonis fulgens
Prionospio cristata
Scolelepis squamatae
Scoloplos foliosus
Spio pettiboneae
Spiophanes boabyx
Syllides setosa
Unidentified ap. A
Unidentified sp. F

HULLUSCA

GASTROPODA
Rnachis pulchella
Natica pusilla
Oliva sayana
Olivella mutice
Terebra salleana

BIVALVIA
Cuna dally
Donax texssianus
Ervilia concentrica
Lapton sp.
pitar simpson:
Strigilla mirabilis
fTellina versicolor
Veneridae sp.

ARTHROPODA
CRUSTACEA
COPEPODA
Unidentified app.

25

10

1974
Musber Cullected

Species
CUMACEA
Cyclaspts varians
Unjdentified op. A
USTRACODA
Unidentified up. B
1S0PODA

Ancinus depre s
Chiridotea excavats
AMPH1PODA
AcCanthobaustorius sp.
Maustorius n. sp.
Hyperiidea wp.
Nonoculodes nye:
Aonoculodes sp.
Parahaustorius n. spp.
Protohaustorius n, sp.

Synchelidium sp.
CARIDEA
Ogyrides alphasrostris
RA

Emerita denedicti
Emerits talpoida
Lepidopa benedicti
Pagutus longicarpus
BRACHYURA
Dissodactylus mellitae
Ovalipes tloridanus
Pinnixa chacel
MYSIDACEA

Bowmsniella floridana
Scemaniella spp.
Mysidopsis bigelow:

ECHINODERMATA
ECKINOIDEA

UPHIUROIDEA
Unidentified sp. A

S1PUNCULIDA
HENICHORDATA

CEPHALUCHURDATA
Branchiostoma tloridee

Pseudohaustorius n. sp.

Bowmaniella brasiliensis

Unidentified 3p. (juv.)

Rellits quinquiespesforata 2

Sipunculus longipaps llosus 4

1919
Nusber Cullvetd
R

Total Number of Individuals

Tutal Number of Spucies

1.2n

75




Table C-5.

Comparison of the species and number of ‘ndividuals
collected at the nine transects of stat. n 5 between
November 1974 and November-December 1979,

1974 1979 1974 1979 !
> iey Mumber Colled tod Nusber Col b toed Species Nomber Colledted Nusbes Cullevte)
CHAETOLMATHA ARTHROPODA 1
Unidwngifhed up. -- N CRUSTACEA
CUMACEA 1
NEMERTINEA Cyclasprs vaiians -- 3 -3
Untdent Iticd spp. 0 1 Uryurostylrs sasth: -- 1 1
USTRACUDA
REMATURA Replocythesida setipum-tate -- 1
Unidentified spp. - 2 150PODA
sf‘%k"‘"e’s“‘ é‘ \i
TURBELLARIA iridotea excavats
Unident Hlied app. -- ' R AnERohsustot 1us »p. 121 187 4
Heustorius n. sp 1 ~-
ANNEL 1DA Monoculodes ayer 4 1
OLIGOUNAETA monoculodes sp. - 1
Uniduntified app. 1 a5 Parahaustorius n. spp, .- 3
POLYCHAETA Platyischnopus sp. -- H
ApOpriomspio pyymacs .- 1 Procohdustos 1us n. up. 80 220
Armandia maculata -- 8 Psewdohaustorius n. sp. 19 165
Orania clavata -- 3 Pseudoplatyischnopus n. sp. .- 1}
Srania wellfleatensis H 6 Syhchelidium ap. 4 ~-
Dispio uncinata - 59 PENAEIDAE
Glycara ammricana -- 1 Lucifer fexoni 1
Glycinde solitaria -- 1 CARIDEA
Nagelons riojai 4 8 Ambidester symmitricus 1 ~-
Mipuspio cirrifers -- 1 Ogyrides alphasrostris 3 Y
Nephtys picta -- 4 Processa helphilly 1 ]
Nereis sp. - 2 ANOMURA
Onuphis ®. oculata -- 8 Emerite talpoida -- 2
Ophelia sp. 1 -= lepidopa benedicti - 3
Paracnis fulgens 2 215 BRACKYURA
Poctinaria gouidis H -- Dyssodactylus mellitay 3
Phyllodoce arenae -- 2 Ovalipes ocellatus -- 1
Phyllodoce sp. } -- Pinnixa chacei -- 3
Polynoldea sp. A -- 1 Pinnixa cristata 5 -
Prionospio cristate 12 1 Pinnotheridae sp. - 1
Scolelepis squamsta -- 1 Xanthidae sp. -- 2
:;:olopl:: Nt::;'o:us -~ : MYS1DACEA
gambr o Bovmaniel la . -- 4
Spiv pettibonese - n Wl“'w": ‘.::':‘ - 9
Spiophanes bombyx -- 16 Mysidopsis wigelow: -- 2
Unidentified up. A .- 1 Aysidopsis sp. (juv.) - i
MULLUSCA
GASTROPOLA ECHIRODERMATA
Ratica pusilla -- ECHINGIDEA
Oliva sayana 1 .- Mellita quinqurespertorata 8 18]
Oliva sp. - 2
Olivella deslbata -~ 1 SIPUNCUL1DA
Olivella mitica H 3 Sipummculus long:papillosus ] ]
Teredra salleens 1 -
Unidenctfied op. C - 1 HEMICHORDATA
BIVALVIA Unidentitied sp. (fuv.} H -
Cuna dalli ) 2 -
Donax teyasienus 2 i CEPIALOCHORDATA
Ervilia concentrice 8 - Sranchtoscoms ¢{oridae 180 )
o il inaate = h Totel Musber of lndividusly 589 1212
Pitar stimpsoni -~ ! Total Mumber of species i o8
Strigills mirabilis 8 -~
Tellina versicolor i 2
Veneridae sp. 1 ]

i not
Copy available to DTIC does
poxpx:n fully legible seproduction




Table C-6. Comparison of the species and number of
individuals collected at the nine transects
of station CA between November 1974 and A
November-December 1979.
1974 1979
Species Number Collected Number Collected]
NEMERTINEA
Unidentified spp. 1 -~
J NEMATODA
Unidentified spp. - 6
ANNELIDA
OLIGOCHAETA
Unidentified spp. 22 4
POLYCHAETA
Aricidea sp. 2 -
Armandia maculata 5 -
Armandia agilis - 1
Brania clavata - 1
Brania wellfleetensis -— 3
Lumbrineris paravapedata -— 1 ;
Magelona riojai - 3 .
Melinna maculata - 1 i
Nephtys picta - 1
Nereis sp. -— 2 ¥
Onuphis eremita oculata 1 - |
Paraonides lyra 19 - .
Paraonides sp. 2 -
Paraonis fulgens -- 3 E
Paraprionospio pinnata 17 - p
Polynoidea sp. & - 1
Prionospio cristata 47 1
Scolelepis sp. 2 -
Scoloplos foliosus - ’ 2
Spiochaetopterus oculatus 1 - 3
Spio pettiboneae 7 1
Spiophanes bombyx - 6
MOLLUSCA
BIVALVIA
Periploma inequale -— 1
GASTROPODA
Caecum sp. - 1
Natica pusilla - 2
Olivella dealbata -— . 4
Tonnidae sp. - 1
Oliva sp. - 3
ARTHROPODA
CRUSTACEA < 3
AMPHIPODA :
Acanthohaustorius sp. - 2 :
Pseudoplatyischnopus n. spp. 1 7 )
Protohaustorius n. sp. - 14 o
Pseudohaustorius n. sp. - 4 ,
MYSIDACEA
Bowmaniella floridana - 1
OSTRACODA
Haplocytherida setipunctata - 1
Sarsiella sp. - 1
ANOMURA
Albunea paretii 1 1
Pagurus sp. - 1
BRACHYURA
Ovalipes floridanus -— 1
Persephona mediterreanea - 1
Pinnixa sp. (juv.) -— 1
Portunus spinimanus 1 -
ECHINODERMATA
ECHINOIDEA
Mellita quinquiesperforata - 3
CEPHALOCHORDATA
Branchiostoma floridae - 1
Total Number of Individuals 129 88
Total Number of Species 15 36
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Table C-8. Comparison of the species and number of individuals A
collected at the nine transects of station 1 between
May 1975 and May 1980.

i 1975 1980
Species Number Collected Number Collected
" | CNJDARIA
HYDROZOA
Hydroid sp. - - 1
CHAETOGNATHA
Unidentified sp. - 1
\ NEMERTINEA 3
Unidentified spp. 1 -— b
NEMATODA
Unidentified spp. 1 5
ANNELIDA 1
POLYCHAETA 1
Nephtys picta - 1
Scolelepis squamata 4,231 1,375 i
MOLLUSCA
BIVALVIA
Donax texasianus 2,827 46
ARTHROPODA
CRUSTACEA
CUMACEA
Cyclaspis varians - 1
Mancocuma n. Sp. 16 S
ISOPODA
Ianiropsis sp. - 1
Idotea sp. - 1
AMPHIPODA
Acanthohaustorius n. sp. - 1
Haustoridae sp. (juv.) - 1
Haustorius n. sp. 88 18
Protohaustorius n. sp. - 2
ANOMURA
Emerita benedicti - 1
Emerita talpoida 218 47
. Lepidopa benedicti 1 6
BRACHYURA
Pinnixa cristata 1 -
Portunidae (juv.) - 1
Total Number of Individuals 7,384 1,524
Total Number of Species 9 18
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Table C-10.

Comparison of the species and number of individuals

collected at the nine transects of station 3 between

May 1975 and May 1980.

1975 1980
Spec ey Musber Collected Mumber Collected Species
CNIDARLA ARTHROPODA
WYDRUZOA CRUSTACEA
Hydenid sp. . 3 ACEA
Cyclaspts varians
CHAETOGNATHA Nancovums n. sp.
Unidencifird sp. - 2 1S0PUDA
Ancinus depressus
NENERTINFA Chiridotea excavata
1doteidae sp.
Unidentilied spp. 2 2 ANPHIFOOA
NEMATOOA Acanthohaustorius n. sp.
inidentificd opp. 2 12 Ampelisca sp. 8
Caprellidae sp. A
PHORONIDA Naustoridae sp. (fuv.)
Photonis srchitecta - 10 Haustorius n. sp.
Lombos cf. webster.
ANNELIDA monocuiodes ayei
OLIGOURAETA Parshaustorius n. spp.
Unidentified spp. ) 2 Protoheustorius n. sp.
POLYCRAETA Pseudohsustorius n. sp.
Apoptionospio pygmaca - 1 pPseudoplatyischnapus n. spp.
Armand:a seculate 1 7 Synchelidium n. sp.
Capitella capitata - 3 HYSIDACEA
Dispio uncinata 1% 29 Sowvmaniella spp.
Etecne heteropoda 1 o Mysidopsis sp.
Glycera americana - 2 PENAEIDEA
Magelona rioja F23 4 Lucifer faxon:
Micronephtys ainute 2 . CARIDEA
Mephtys bucera 7 . Cattdes sp.
Nephtys picta — 50 Ogyrides alphaerostiis
Nereis sp. — 2 Processa hemphill)
Paracmis fulgens 15 2 HACRURA
Phyllodoce aranae - 1 Callianassa sp.
Podarmus sp. = 2 ANOHURA
Scolelepis squamita - 2 Lepidopa benedicty
Scoloplos foliosus -- 3 Pagurus longicerpus
Sigambra bassi - 1 Fagurus sp.
spionid sp. 1 - Pagur tdae ap.
Spio pettibonese 224 “ BRACNYURA
Spiophanes bombyx 19 115 Dissodactylus mellitee
Polychaete sp. G - 1 Pianixa cristeta
Pinnixa retinens
MOLLUSCA Pinnotheres msculatus
GASTROPUD® Pinnotheridae sp. (fuv.)
Acteonidae gp. (juv.) - 3y Portunus gibdesti
Nitrella lunata - 1 Portunidee sp. (juv.)
Nassarius scutus - 1 STUMATOPODA
Natica pusilla . 10 Coroms excavatiix
Olivella mutica 1] ~-
Polinices Jupiicatus - 3 ECHINODERMATA
BIVALVIA ECHINOTDEA
Cuna dalli 5 2 Nellita quinquiesperforata
Donax texastanus 2,210 1 HOLOTHUROTDEA
Ervilia concentrica - Unidentified sp. (juv.1
Pitar simpsoni - i
Tellina versicolor - 3 HEMICHORDATA
Veneridae sp. 0z 22 Unidentifled sp. (juv.)

CEPHALOCRORDATA
Branchiostoms (io1idae

FISCES
Unidentified ophtdiid

1975

Bumber Collected

[P

1,016

397
105

23

1980

Number Collected

Total Number of Individuals
Totel Mumber of Species




Table C-11.

Comparison of the species and number of individuals

collected at the nine transects of station 4 between
May 1975 and May 1980.

Unidentified spp.

CHAETOGNATHA
Unidentified sp.

NEMERTINEA
Unidentified spp.

NEMATODA
Unidentified spp.

ANNELIDA

OLIGOCHAETA
Unidentified spp.

POLYCHAETA
Armandia maculaca
Dispio uncinata
Glycinde solitaria
Magelona ocbockensis
Mageiona riojai
Micronephtys minuta
Micronephtys sp.
Mipuspro cirrifera
Myriochele oculata
Nephtys bucers
Nephtys picta
Paracnis fulgens
Prionospio cristacs
Scoleleapirs squamsta
scoloplos foliosus
Scoloplos robustus
Spionid sp.
Spio pettiboneae
Spiophanes bombyx

MOLLUSCA

GASTROPODA
Oliva sayana
Oliva mutica
Polinices duplicatus

BIVALVIA
Cuna dalli
Donax texasianus
Ervilia concentrica
Lepton sp.
Strigilla mirabilis
Tellina versicolor
Unid. venerid (nr. Gouldia)
Veneridae sp.

ARTHROPODA

CRUSTACEA

CUMACEA
Mancocuma sSp.
Unidencified sp.
Cumacea sp. B
Cumacea sp. D

1SOPODA
Ancinus depressus
Chiridotea excavata

1978

Numbey Collected

18

|

SlellrrSel G

[N

=
50

1980
Number Collacted |

'
[S5 IS RO R

Species

AMPHIPODA
Acanthohaustorius sp.
Haustoridae sp. (juv.)
Hauscorius n. sp.
lambos cf. wepster:
Listriella cf, barnardy
Nonoculodes ny 1
Nonoculodes sp.
PaArahaustorius o. $pp.
Protohaustorius n. sp.
Pseudohaustorius n. sp.
Pseudoplatylschnopus n. SpPp-
Synchelidium o. sp.

MYSIDAZEA
Bowman.ella spp.
MNetamysidopsis swifti
Mysidacea sp.

CARIDEA
Oogyrides alphaerostris
Processa vicina

MACRURA
Callianassa 3p.
Unidencified sp.

Emerita talpoida
Paguridae sp.
Pagurus longicarpus
Pagurus sp.
BRACHYURA
Dissodactylus sellitdae
Ovalipes ocejlatus
Pinnixa chaces
Pinnixa cristata
Pinnotheres maculdtus
Pinnotheridae sp. (juv.)
Portunus gibbesii
STOMATOPODA
Coronis excavaerix

ECHINODERMATA
ECHINOIDEA
Mellita quinquiesperforaca
HOLOTHUROIDEA
Unidentified sp. (juv.)

HEMICHORDATA
Unidencified sp. {(juv.)

CETHALOCHORDATA
Branchiostoma floridae

1975

Mumber Collected

821

tel

=

tel o

PSE IV~ o

10

1980

Mumber Collected

lo8famewme it n®

(PN

o

Toral Number of Individuals
Total Number of Species

1,169
6

N

el

I
e
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Table C-12.

May 1975 and May 1980,

Comparison of the species and number of individuals
collected at the nine transects of station 5 between

978 1980 197¢ 1980
Species Number Collected Number Collascted Species Mmber Cuiiecces
CNIDARIA ARTHROPODA
Hvdrozoa 1p. -~ : ! L:t’“"g*
PLATYMELMINTHES [ CyGidspis varians 3 :
TURBELLARIS 5 !hncocu. a. $p. - L
| stylochus sp. .- R ; Sumacea 3p. : - £
H Unidentifted spg 1 .- | N-“-:: ::- 5 e z
! NEMERT INEA ) “nidentified 3p. < -
| ‘nidentitied spp. -1 :9 1SOPODA
| Jhiridorea excavatd 20 29
| NEMATODA AMPHIPOOA
“nidentitied spp 5 28 | ACANthONaUSEOr1us Bp. <96 28
) : ' Haustoridae sp. (juv.) -— 2
BRYOZOA uscriella cf. barnard: - i
Jaidentitied 3p. - : onocuiodes e 13 :
u P -
SHORONIDA Paranaustorivs n. spp. - 5
PROXonls architect® - . Protohauscorius n. sp. -32 250
Pseudohaustorius 0. sp. 107 37
ANKELIDA i Pseudoplatyischnopus n. Spp. o 12
HLIGOCHAETA Jyncneiidius n. sp. 30 -
Cnidentified spp. B 0 17:‘1;25:9. i -
POLYCHALTA B
APOPIiONOSpLO pYgEAes N .- bou-uucula portoricens:s - 3
Armandis macuilta ) L. Scwmanieiia spp. -— "
drania weliflestens.s —~ : } PE{MZIDEA
21¥p:o incineca 3 9 \ Lucifer fexons e 1
fteone ‘eteropoda - H ! CARIDEA
frecne .acres - . i dgyrides a.phaerostris - S
iiycera umarizana - N ‘ Processa hemphilli .1 -
slycera cyycephaia . - } MACRURA
siycinde soiitaria - . Callienassa sp. - 43
“age.iond .ulal 36 3 I Jnidencified sp. " -~
Gicronephtys minuta N - ! ANGMURA
syriochele oculata -- : | apidope benedict: ) 5
Nepntvidae sp. (juv., - 1 Paguridae sp. - h
Nephtys ducera W2 '-] i Pagurus longicarpus 10 2
Nepntys picta 3 " ! Pagurus sp. - L}
Nuphis eremita oculacs -— - ! Strigille mirabrlis (juv.) - N
Paraonss fulgens 30 59 ! Anomura s5p. (juv.) -- N
Fect.naria gouldsis -—- L ‘l BRACHYURA
Thyllodoce arenae -- - . Jrssodactylus mellicae - .
Pi1sta paimaca - - Jvaiipes ocellatus 1 -~
Folyadora ligna - B Pinnixe chace: - i
Protodorv;iilea sp. -- . | 2innixa chastopterans -- :
5c0leiepis Squamsta N - | Pinnixa criscata 9 -~
Scole.e;p s texana : -- H Planira sacujatus N -~
3pio pett:bonese N ) Finnixa sp. - N
Splophanes bombyx il 3 t Pinnotheridse sp. tjuv.) - 19
Syllides stetosa B - Portunidae ;gv.) —; N
! Portunus Ji gl —
MOLLLSCA ! n
en h i -~
[ -ASTROPODA . Unidentified xanthid i
i Acteonmidae sp. iuv.) .- : ECHINODERMATA
Jamics pusaioy - N - ASTEROIDEA
e 13 deaibnne o : ! Astropecten articulatus H -
J :':‘;:u:'::" | . ECHINOIDEA
e - seli £ 9
P0iinices fup.icatas s - | Neliita quinquiesperforata L)
Aty rars sailesns - : ! CEPHALOCHORDATA X
¢ 8ranchiostoma floridae -1 - i
Donax terasianus 3 -- :
Erviiia concentrica 30 B PISCES :
. i N !
cepon 50 - : ! Cnidentafied ophidiid 1 '
Pitar simpsoni - .
Jfrigiiia mirabiiis : - | Total Number af individusls L,o1s 589 ;
Teilina versicolor - |
MG, venerid 'nr. ousdia: : - Totai Number of Species -9 t2 J

Jeneridde sp.
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Table C-14.

Comparison of the species and number of individuals

collected at the nine transects of station CB between
May 1975 and May 1980.

1980

85

1975 1980 1975
Spevies Bomber Collvated Nuabet Collus tud Species Numbey Collected Nusbes Collected
CNIDARTA BIVALVIA
HYDROZUA Cuna Jally .-
Hydroid sp. -- 1 Ervilia concentrica 2 .
Pitar simpson -
PLATYHELMINTHES Solenidae sp. e [}
TURBELLARLIA Stxigilla mirabiiis 7 .-
Unidentitied spp. 2 - fellina sp. {fuv.) -
g - ARTHROPUDA
HESENTINEA . CRUSTACEA
Unidentiftad wpp. L] COPEPODA
Unident $fsed spp. ¥
v f1 12 s CURACEA
ntdentitied spp. Cyclaspis valiens - 4
PHORONLUA Rancocums n. $p. - H
Cumacea sp. B - 1
Phoronis architecta -- 25 Cumsces sp. ({1ag.) L 2
ANNEL1DA OSTRACODA
N haplocytherids setipunitets . ]
Ol.lum)“l.'YA‘ L . AMPHIPODA
Mv;““":‘ ted wpp- - Acanthohaustorius sp. te }
NAET) Ampelisca sp. B .- 1
::;::“' ;::':;""‘":"" ; o Lstriella cf. barnatds .- )
anos, s, Nonocu lodes nyel - 10
:‘.'":“ 7;"”“:"" l: ‘? Protohaustorius a. »p 100 N
c::f:.,:u. ::‘ s ! R Pseudohaustol ius n. sp 1 .
- Pseudoplatyischnupus 6. spp b 15
Herone heteropods ! ' Synchelidium n. ap. 6 -
CARTDER
Nicronaphtys minute 2 s
Rinuspio virrifers - H wzsn s '
Bephtys bucers 1 o Pagurus »p. 1
:ph::l :Acu 4 ; BKACKYURA
~ »p. -
L N
Onuphis stemits Hviata .- 2 inA1Es L Tivtate !
Peraprionosplo pinnats - 2 ECH INUDERMATA
Phyllod 2 ) ECHINUIDEA
Phyllodone sp. 1 - Nellita quinguiespriturata - Y
Polynotdea wp. A -- i Unident ifivd sp  (juv ) ?
Polynuides sp. § - 1 CLPHALOCHURDATA
::":':::::“’ :::::“ l: VE Dranchsostuma tivside i
e et e e e
::“Z:.:;‘”"“'. ;’: : Totel Mumber uf Individusls = 84
LA Totel Mumbes wl dpre. ies 29 w1
CASTRUPUDA T T s T/ T T -
Acteunidee »p. (juv.) - ¢
Cylichnellas bidentats - 1
Natice pus .la - 4
Odostoml nae - i
Olivells mutics - }
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APPENDIX D

STUDY DESIGN RESTRICTIONS

. The primary purpose of this study was to collect data on the benthic
macroinfauna and the surface sediments to evaluate the long-term effects of
beach nourishment and associated dredging activities. Inherent in any
environmental study are limitations on the quantity and types of data that
can be collected. A good study plan requires that the data collected
enable the investigators to differentiate between manmade and natural per-
turbations. If no effects can be detected, then by definition there has
been no environmental harm. This emphasizes the need to conduct scientifi-.
cally valid studies utilizing best applicable methodologies. Potential
limiting factors encountered in this study are discussed below.

Sampling Design Adequacy.

The accuracy of the data collected for the present study and the
validity of the interpretations and comparisons made to the base-line study
(Saloman, 1976) are dependent on the adequacy of the sampling design. Some
of the key factors in establishing sampling and analysis adequacy are:

(a) Reliability and accuracy of sampling device (consistent sub-
strate penetration, no loss of sample during retrieval, etc.).
Characteristics for a good sampling device are described by Menzies
and Rowe (1968) and Holme and McIntyre (1971).

(b) Adequate sieve size to retain a majority of the macrofauna
(Reish, 1959).

(c) Good and consistent procedures to ensure proper preservation
of fauna.

(d) Adequate number of stations to determine spatial varability
of fauna.

(e) Sufficient replication to adequately describe both the within-
station faunal variation, and the majority of the species inhabiting
the site.

(f) Sufficient temporal frequency of sampling :o0 address seasonal
variations in fauna.

(g) The use of identical or comparable methodologies for both
prenourishment and postnourishment studies.

(h) Sound taxonomic procedures and use of expert confirmations to
ensure accurate identification of organisms.

(1) Consistent data analysis procedures.
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The present study addressed the above criteria as follows to ensure.
the collection of an adequate, quantitative data base:

(a) A diver-operated core was utilized to ensure consistent penc-
tration and the collection of samples satisfying the criteria defined by
Menzies and Rowe (1968). The core is generally considered a better device
than conventional grabs (Word, Kauwling, and Mearns, 1976; Swartz, 1978).

(b) A 0.701-millimeter mesh sieve was utilized to wash the samples.
This sieve size was considered by Saloman (personal communication,
1979) to be adequate for collecting a majority of the macrofauna within
the study area. Other studies have shown that a 0.5-millimeter mesh sieve
is often necessary for quantitative benthic collections (Reish, 1959;
Mahadevan and Patton, 1979). A quantitative comparison of the two sieve
sizes for the study area would be necessary to compare the results with
other studies that used the smaller mesh size.

(¢) Fixing and preserving methods were consistent and followed
acceptable procedures in the literature.

(d) A total of 49 stations were sampled during the present study,
47 of which were sampled for the 1974-75 prenourishment study. These
stations encompass the nearshore zone, from the swash area to just beyond
the second sandbar. In view of the low variability in numbers and species
of animals at corresponding stations for the 9 transects, the 47
stations are believed to adequately sample the nearshore zone. However,
the study did not totally address the area most likely to receive fine
sediments resuspended by dredging activities, i.e., the area beyond the
second sandbar at depths of 9 to 10 meters., Stations CA and CB were the
only control areas at these depths. Optimal sampling strategy would have
required control stations placed in close proximity to the borrow sites.
Unfortunately, the borrow sites were not selected prior to Saloman's
(1976) study.

(e) Four replicates were analyzed from each station. Species
saturation curves (Gleason, 1922; Holme, 1953) were constructed for 5
stations for 12 replicates by Saloman (1976). Based on those curves it
was determined that four cores adquately sampled the fauna of the study
area. Species area curves were constructed for the present study for
transect 5, stations 1-5, stations CA and CB, and borrow sites Bl and B2.
These curves are presented in Figures Dl to D5. Each curve s the average
of two randomly chosen combinations of replicate order. Only one-third
(6) of the plots indicate adequate replication (criterion: increase be-
tween replicates 3 and 4 less than or equal to 10 percent). An additional
replicate sample at each station would probably have resolved this problem.
The four replicates analyzed give a total surface sampling area of 0.064
square meters. For most benthic studies, 0.1 square meter is considered a
sufficient sample size (Holme and McIntyre, 1971). However, based on
Saloman's (1976) species saturation curves and those generated for this
study, these data have been determined to be adequate for comparative

purposes.
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(f) To determine variations due to seasonal influences, samples
were collected for two seasons, November-December 1979 and May 1980.
Significant differences were found in all of the faunal parameters as well
as species composition between sampling periods. Saloman (1976) also
revealed pronounced seasonal fluctuations., Physical parameters such as
temperature and wave intensity show pronounced seasonal variation within
the study area and undoubtedly influence infaunal community characteristics
within the nearshore zone. The two sampling periods of this study do not
adequately address temporal variations. However, in conjunction with
Saloman's (1976) data (four seasonal samplings) the importance of seasonal

varjiation was assessed.

(g) To make valid comparisons of studies conducted at different
times or places, the methods used should be identical, where practical, or
yield analogous results. All the sampling and processing methods used for
this study were identical to those used by Saloman with the following

exceptions:

(1) A 5.08-centimeter PVC core was used to obtain sediment
samples instead of 8-ounce (227 grams) jars.

(2) Percent organic carbon and percent carbonate present
in the sediment samples were determined by combustion (500°
Celsius for organic carbon and 1,000% Celsius for carbonate).
Saloman (1976) used a Leco 750-100 90-second carbon analyzer.
These methods have been shown to yield comparable results

(Carver, 1971).

(h) Taxonomic procedures followed standard literature keys and
expert confirmations. Additionally, a reference collection of species
collected during the 1974-75 study was provided for comparative purposes.

(1) Sediment samples have been analyzed by standard geological
methods, tabulated and summarized for each station. Analytical methods
and numerical indices were chosen on the basis of their widespread use in
scientific literature and their ability to provide data summaries.
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Figure D-2., Species area curves for station 5 of transect 5 for the
November-December 1979 and May 1980 samplings.
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